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COMPREHENSIVE  SURVEY  REPORT 
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TRINITY  RIVER  AND  TRIBUTARIES,  TEXAS 
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HYDROLOGY,  HYDRAULIC  DESIGN  AND  WATER  RESOURCES 


GENERAL 


1.  SCOPE.  - This  appeadix  contaias  detailed  hydrologic,  hydraulic 
desiga,  and  water  resource  data  pertiaent  to  formulation  of  the  compre- 
hensive plan  of  improvement  for  the  Trinity  River  Basin  and  provides  a 
basis  for  statements  relating  to  the  above  subject  matter  that  are 
presented  in  other  sections  of  this  report.  The  Department  of  Health, 
Education,  and  Welfare,  Public  Health  Service,  studied  the  Trinity  River 
Basin  as  requested  by  the  Corps  of  Engineers,  Fort  Worth  District 
letter  dated  June  8,  1999^^0  determine  the  present  and  prospective 
municipal  and  industrial  and  water  quality  control  requirements  which 
were  adopted  for  this  report.  The  request  for  this  study  was  made  in 
accordance  with  a Memorandum  /^F'Agreement  between  the  Department  of 
Health,  Education,  and  Welfal’e'.  and  the  Department  of  the  Army,  dated 
November  k,  1958,  pertaining  to^the  Water  Supply  Act  of  1958,  Title  III 
of  Public  Law  85-500.  Their  report,  "Water  Resources  Study,  Trinity 
River  Basin,  Texas,"  is  included  in  this  appendix  as  exhibit  1.  Certain 
data  in  this  appendix  were  obtained  from  "A  Report  to  the  President  and 
to  the  Congress,"  prepared  by  the  U.  S.  Study  Commission  - Texas. 

2.  RELATIONSHIP  OF  THIS  APPENDIX  TO  OTHER  PARTS  OF  THE  REPORT. - 
This  appendix  presents  a detailed  analysis  concerning  all  hydrologic 
aspects  of  water  problems  in  the  basin.  Including  floods,  droughts, 
water  quality  and  similar  hydrologic  considerations.  The  magnitude  and 
frequency  of  floods  are  developed,  stream  flow  data  are  presented,  and 
yields  are  estimated.  The  demand  for  water  supply  is  given  for  all  uses, 
including  navigation,  and  evaluations  are  made  as  to  how  these  needs  can 
be  met  from  projects  considered  in  connection  with  this  study.  Details 
concerning  hydrologic  and  hydraulic  design  of  all  structures  considered 
in  this  study  are  covered  herein,  including  the  design  for  locks  and 
dams.  Hydrologic  data  developed  herein  on  floods  with  and  without 
various  projects  have  been  used  in  Appendix  IV  on  Flood  Control  Economics 
as  a basis  for  evaluating  project  flood  control  benefits.  The  hydrologic 
siid  hydraulic  design  data  presented  herein,  as  well  as  similar  data 
prepared  for  other  projects  that  were  studied  but  not  recommended  for 
authorization  at  this  time,  have  been  used  in  the  formulation  processes 
covered  in  Appendix  I.  The  estimates  of  future  needs  of  water  for 
various  uses  presented  herein  are  consistent  and  within  the  parameters 

of  economic  projections  presented  in  the  economic  base  survey. 

Appendix  VII. 
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3-  DESCRIPTION  OF  THE  BASIN.  - The  Trinity  River  Beisin  lies  in 
the  eastern  half  of  the  State  of  Texas,  approximately  between  29° h6' 
and  33“^^'  north  latitude  and  9U°40'  and  98°43'  west  longitude.  It 
is  bounded  on  the  north  by  the  Red  River  Basin;  on  the  east  by  the 
Sabine  and  Neches  River  Basins;  and  on  the  west  and  south  by  the  Brazos 
and  San  Jacinto  River  Basins.  The  Trinity  River  Basin  is  relatively 
long  and  narrow  with  a maximum  length  of  about  36O  miles  and  a maximum 
width  of  about  100  miles  near  the  upper  end.  The  basin,  having  a total 
drainage  area  of  17>8^5  square  miles,  is  shown  on  plate  1.  It  embraces 
all  or  portions  of  38  counties  and  lies  within  two  physiographic 
provinces  - the  northwestern  portion  of  the  basin  is  situated  in  the 
central  lowland  province  of  the  Interior  Plains  and  the  remainder  of 
the  basin  is  in  the  West  Gxilf  Coastal  Plain.  The  topography  of  the 
basin  is  that  of  a moderately  to  gently  sloping  plain  which  has  been 
more  or  less  dissected  by  streams. 
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U.  The  Coastal  Plain  section,  which  extends  nearly  to  Fort  Worth 
on  the  medn  stream  and  includes  the  entire  East  Fork  watershed,  has  a 
generally  flat  or  undulating  to  gently  rolling  topography  on  the  inter- 
stream  divides.  In  the  vicinity  of  the  larger  streams  the  topography  is 
more  rolling  and  broken,  but  nowhere  does  it  present  a rugged  appearance. 

5.  The  Central  Lowland  province,  which  includes  the  watersheds  of 
the  West  Fork  and  Elm  Fork,  has  considerable  areas  of  flat  to  undulating 
land  on  the  interstream  divides,  but  the  topography  is  generally  more 
rolling  and  broken.  Approaching  the  headwaters  of  the  West  Fork  the 
topography,  especially  near  the  streams,  becomes  quite  rugged. 

6.  The  general  land  elevation  of  the  basin  rises  gradually  from  a 
few  feet  above  sea  level  at  Galveston  Bay  to  about  55O  feet  on  the  inter- 
stream divides  in  the  vicinity  of  Dallas,  and  to  about  8OO  or  85O  feet 

on  the  divide  at  the  headwaters  of  Richland  Creek  and  East  Fork.  To  the 
west  and  north  of  Dallas  the  general  slope  of  the  land  increases,  the 
elevation  rising  to  about  1,250  feet  on  the  divide  in  the  northwest 
comer  of  the  basin. 

7.  Table  1 lists  the  principal  tributaries  and  sub-tributaries  of 
the  Trinity  River  system  and  gives  the  length  and  contributing  drednage 
area  of  each.  Plates  2 through  5 show  the  historical  highwater,  average 
bair.k,  flood  stage,  and  strearabed  profiles  of  the  Trinity  River.  Plates  6 
through  12  show  the  historical  highwater,  average  bemk,  eind  streambed 
profiles  for  the  principal  tributaries  of  the  Trinity  River.  Plates  2 
through  12  also  show  the  location  of  existing  reservoir  projects  and 
damsites  of  the  projects  included  in  the  proposed  plan  of  improvement. 

The  drainage  areas  for  the  various  watersheds  and  sub -watersheds  in  the 
Trinity  River  Basin  are  shown  on  plates  38  and  39* 
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PRINCIPAL  STREAMS 
TRINITir  RIVER  BASIN 


: Confluence  with  : Length  : Drainage 

Stream  : parent  stream  : (river  : area 

;(miles  above  mouth ): miles )(l);  (sq.  mi.) 


Trinity  River  (including 
West  Fork) 

Cleetr  Fork  of  Trinity  River 
Big  Fossil  Creek 
Village  Creek 
Mountain  Creek 
Elm  Fork  of  Trinity  River 
Denton  Creek 
Little  Elm  Creek 
Clear  Creek 

White  Rock  Creek  (Collin  and 
Dallas  Counties) 

East  Fork  of  Trinity  River 
Duck  Creek 
Cedar  Creek 
Richland  Creek 
Chambers  Creek 
Tehuacana  Creek 
Catfish  Creek 
Upper  Keechi  Creek 
Lower  Keechi  Creek 
Bedias  Creek 

White  Rock  Creek  (Houston  and 
Trinity  Counties) 

Long  King  Creek 


0 

715 

17,845 

558.7 

70 

531 

5^2. 7 

21 

75 

533.8 

33 

184 

507.8 

37 

305 

505.5 

119 

2,578 

18.1+ 

102 

719 

39.1+ 

41 

262 

50.5 

55 

35I+ 

1+93.1 

42 

138 

459.8 

112 

1,309 

31.0 

22 

1+5 

385.5 

92 

1,072 

372.1+ 

97 

1,990 

14.2 

107 

1,072 

347.2 

42 

432 

339.6 

37 

305 

272.8 

40 

512 

240.5 

29 

192 

207.9 

35 

603 

169.9 

35 

518 

117.5 

31 

214 

(l)  Existing  conditions. 
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8.  EXISTING  FEDERAL  IMPROVEMENTS.-  There  ELre  at  present  four  Corps 
of  Engineers  flood-control  reservoirs  in  operation  in  the  Trinity  River 
Basin.  An  additional  Corps  of  Engineers  flood-control  reservoir  is 
under  construction;  one  has  been  authorized;  another  has  been  recommended; 
and  enlargement  of  one  of  the  existing  reservoirs,  together  with  improve- 
ment of  its  downstream  channel  and  levees,  has  been  recommended.  The 
Corps  of  Engineers  also  has  two  existing  floodway  projects,  one  authorized 
and  one  previously  recommended  project  providing  for  extension  of  an 
existing  floodway,  and  one  authorized  local  protection  project  in  the 
basin.  In  addition  to  the  above  projects,  the  Corps  of  Engineers  has 
authorization  for  construction  of  a navigation  channel  to  Liberty  and  a 
reservoir  project  near  the  mouth  of  the  Trinity  River  has  been  recommended 
for  authorization  for  salinity  control,  navigation,  and  other  water  resource 
purposes.  The  lower  portion  of  the  authorized  navigation  channel  to 
Liberty  has  been  completed  to  the  vicinity  of  Anahuac.  A list  of  federal 
projects  showing  their  present  status  is  presented  in  the  following 
tabulation: 


Project 


Status 


Benbrook  Reservoir 
Grapevine  Reservoir 

Garza-Little  Elm  Reservoir  (Lewisville  Dam) 

Lavon  Reservoir 

Navarro  Mills  Reservoir 

Bardwell  Reservoir 

Wallisville  Reservoir 

Lavon  Reservoir  Enlargement  and  Channel 
Improvement 
Fort  Worth  Floodway 
Dallas  Floodway 

Fort  Worth  Floodway  Extension,  Part  I 
Fort  Worth  Floodway  Extension,  Part  II 
Big  Fossil  Creek  Local  Flood  Protection 
Navigation  Project  to  Liberty 


In  operation 
In  operation 
In  operation 
In  operation 
Under  construction 
Authorized 

Previously  recommended 

Previously  recommended 
In  operation 
In  operation 
Authorized 

Previously  recommended 
Authorized 

Authorized  to  Liberty. 
Completed  to  vicinity 
of  Anahuac 


Pertinent  data  for  the  existing  and  authorized  projects  are  shown  in 
tables  2 and  3*  Pertinent  data  for  the  previously  recommended  floodwa^' 
project  at  Fort  Worth  are  shown  in  table  l4,  and  those  for  the  previously 
recommended  reservoir  projects  are  shown  in  table  l6.  Data  for  the 
authorized  navigation  project  to  Liberty  are  not  included  in  these  tables. 
The  navigation  project  to  Liberty  was  authorized  for  a 9-foot  depth  and 
150-foot  bottom  width  from  the  Houston  Ship  Channel  to  Liberty,  approxi- 
mate river  mile  40.  A portion  of  the  channel,  to  about  1 mile  downstream 
from  Anahuac,  has  been  completed.  The  location  of  each  of  the  above 
projects  is  shown  on  plate  13. 
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PLATE  13 


9.  The  Soil  Conservation  Service,  Department  of  Agriculture,  has 
been  authorized  by  Congress  to  undertake  a program  of  runoff  and  water- 
flow  retardation  and  soil  erosion  prevention  in  the  Trinity  River  Basin. 
As  of  1961  a total  of  280  detention  structures  had  been  constructed  in 
the  basin  as  part  of  this  program.  Data  on  the  complete  program  and 
its  effect  are  presented  later  in  this  appendix  (paragraphs  69,  9^,  93, 
and  135)- 

10.  EXISTING  N0N-FEDE31AL  IMPROVEMENTS.-  There  are  18  non-federal 
reservoirs  existing  or  proposed  for  immediate  construction  in  the 
Trinity  River  Basin  with  an  individual  capacity  greater  than  5,000 
acre-feet  and  79  that  have  a capacity  of  less  than  5,000  acre-feet  each. 
These  reservoirs  axe  principally  for  municipal  and  industrial 

water  supply  and  for  non-consumptive  cooling  purposes  at  power  generating 
plants.  Marine  Creek  Reservoir,  constructed  by  the  Tarrant  County  Water 
Control  and  Improvement  District  No.  1,  is  the  only  non-federal  reservoir 
with  over  5,000  acre-feet  capacity  that  contains  allocated  flood-control 
storage.  Of  the  15,400  acre-feet  of  storage  in  the  reservoir,  11,600 
acre-feet  are  reserved  for  flood  control.  Other  pertinent  information 
on  the  18  reservoirs  is  listed  in  downstream  order  in  table  k.  The 
reservoirs  are  shown  on  plate  13* 
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Where  no  yield  Is  indicated  for  202C  conditions  sonie  yield  would  be  available  for  a portion  of  the  critical  period. 
Figures  shown  parenthetically  In  yield  column  are  C020  yields  in  ml’ lion  gallons  dally'. 


11.  The  UO  organized  levee  improvement  districts  in  the  Trinity 
River  Basin  that  are  active  have  approximately  34l  miles  of  levees. 

The  levees  provide  varying  degrees  of  protection  to  about  180,500  acres 
of  land  along  the  Trinity  River  and  its  tributeuries . The  districts  are 
shown  on  plate  l4,  and  pertinent  data  concerning  them  is  listed  in 
table  5.  Levees  of  the  Tarrant  County  Water  Control  and  In^jrovement 
District  No.  1 and  levees  of  the  City  6ind  County  of  Dallas  Levee 
Improvement  District  have  been  incorporated  in  the  Corps  of  Engineers 
Fort  Worth  Floodway  and  Dallas  Floodway  projects. 
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IMPASSABLE  DimiNG  FLOOD  STAGES 
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PLATE  14 
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12.  CLIMATE.-  The  climate  over  the  basin  is  generally  mild  with 
the  distinctive  features  of  a large  raiige  of  annual  and  daily  tempera- 
tures. In  summer,  the  days  are  generally  hot  and  the  nights  moderately 
warm.  Snowfall  and  sub-freezing  temperatures  are  rare  in  the  lower 
section  of  the  basin  near  the  Oulf,  but  are  experienced  occasionally 
during  the  winter  season  in  the  more  northerly  parts  of  the  basin. 
Generally,  the  winter  temperatures  are  mild,  with  occasional  cold 
periods  of  short  duration  resulting  from  the  rapid  movement  of  cold 
hi^-pressure  air  masses  from  the  northwestern  polar  regions  and  the 
continental  western  highlands. 

13.  There  are  no  important  topographic  features  affecting  climate 
in  this  area.  The  general  elevation  of  the  basin  increases  gradually 
from  a few  feet  above  sea  level  at  Galveston  Bay  to  approximately 
1,250  feet  above  mean  sea  level  in  the  extreme  headwaters 

iL.  Table  6 gives  climatoicgical  data  relative  to  temperature, 
growing  season,  wind  velocity,  and  humidity  at  representative  United 
States  leather  Bureau  stations  in  and  adjacent  to  the  Trinity  River 
Basin.  The  stations  in  this  table  are  arrar,ged  in  geographical  order 
from  the  headwaters  downstream  in  order  to  show  the  gradations  of 
climate.  There  is  a general  increase  in  mean  annual  temperature, 
length  of  growing  season,  and  relative  humidity  from  the  headwaters 
to  the  Gulf. 
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TABLE  6 


CLIMATOLOGICAL  DATA 


:Years  of 

: Temperature 

in  degrees  Fahrenheit 

: complete : 

Average : Average : 

Station 

: record 

: Mean 

maxi.mum 

minimum:  Maximu.m 

Minimu.m 

1 

(1) 

: annual 

daily 

daily  .'recorded 

recorded 

Gainesville 

69 

65.3 

77.3 

53.3 

114 

-12 

Jacksboro 

18 

66.0 

79.0 

53.0 

112 

- 3 

Bridgeport 

24 

63.5 

76.8 

50.2 

115 

Graham  (2) 

53 

64.5 

77-2 

51.8 

117 

- 8 

Denton  (Exp  Sta) 

45 

64 . 8 

76.5 

53-1 

113 

- 3 

McKinney 

43 

65.0 

76.0 

54.0 

118 

- 7 

Dallas 

79 

66.5 

76.6 

56.4 

111 

- 3 

Fort  Worth 

64 

66.0 

76.2 

55.8 

112 

- 8 

Weatherford 

70 

64.0 

76.1 

51-9 

113 

-11 

Cleburne  (2) 

52 

66.6 

79.0 

54.2 

114 

- 3 

Waxahachie 

54 

65.5 

78.1 

52.9 

115 

- 9 

Corsicana 

80 

66.6 

78.0 

55-2 

113 

- 7 

Mexia  (2) 

54 

66.0 

75-8 

56.2 

112 

- 2 

Palestine 

66 

66.2 

75-7 

56.7 

108 

- 6 

Crockett 

24 

67.1 

79.4 

54.8 

114 

0 

Huntsville 

75 

68.0 

77.8 

58.2 

107 

- 2 

Liberty 

56 

69.0 

79.9 

58.1 

108 

8 

Anahuac  ( 2 ) 

28 

63.3 

77.3 

59.3 

110 

11 

Galveston  (2) 

89 

70.1 

76.0 

64.2 

101 

8 

Houston  (2) 

73 

10.0 

78.5 

61.4 

108 

5 

.•Growing  season: 

Wind  vel 

ocity(  j 

Average 

: 

Relative  humidity 

in  percent 

Station  : 

length 

: Average : Fastest : 

(days ) 

1 

mph  : 

mi]  e : f 

a.m. :Noon 

:6  p.m. 

Midniglit 

Dallas 

2U3 

10.8 

'T’T 

1 ' 

80  54 

53 

71 

Fort  Worth 

252 

12.3 

73 

80  53 

53 

70 

Palestine 

249 

7-4 

84  57 

60 

- 

Geilveston  (2) 

341 

10.9 

84  70 

75 

81 

Houston  (2) 

309 

10.1 

64* 

89  60 

68 

36 

(1)  All  data  as  of  December  3I,  195>9. 

(2)  Station  outside  of  basin. 
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15-  HUMIDITY.-  The  relative  humidity  over  the  basin  is  generally 
moderate,  decreasing  from  hu.mid  in  the  lower  portion  nearest  '^'^e  Gulf 
to  subhumid  in  the  northwestern  extremity  of  the  basin.  Relative 
humidity  observations  have  been  made  by  the  United  States  Weather 
Bureau  at  Dallas  and  Fort  Worth,  in  the  upper  peirt  of  the  basin;  at 
Palestine,  near  the  eastern  border  of  the  central  section;  and  at 
Galveston  and  Houston,  near  the  lower  part  of  the  basin.  Table  6 
shows  the  average  humidity  for  each  of  these  stati  ns. 

16.  WINDS.-  The  prevailing  winds  are  from  the  south  or  southeast 
during  the  greater  part  of  the  year.  Dry  southwesterly  winds  are 
experienced  occasionally.  I>urlng  the  winter  months,  December,  January 
and  February,  the  hl^-pressure  air  masses  approaching  from  the  north- 
west, cause  the  prevailing  wind  direction  to  shift  to  the  north.  Wind 
movements  are  strongest  during  the  months  of  March  and  April;  and  the 
lightest  wind  movements  generally  occur  during  July,  August,  and  Septem- 
ber. The  maximum  published  wind  velocity  of  91  miles  per  hour  occurred 
at  Galveston  in  August  1915 ^ during  a severe  tropiceil  storm.  In  general, 
wind  movements  over  the  basin  are  relatively  mild.  The  average  aruiual 
wind  velocities  are;  10. 9 miles  per  hour  at  Galveston,  neeir  the  lo^/er 
extremity  of  the  basin;  7-^  miles  per  hour  at  Palestine,  on  the  eastez’n 
border;  and  10.8  and  12.3  miles  per  hour  at  Dallas  eind  Fort  Worth, 
respectively,  in  the  upper  section  of  the  basin. 

17.  TEMPERATURE.-  Tr.e  mean  annual  temperature  varies  from  69*0 
degrees  at  Liberty,  in  the  lower  part  of  the  basin,  to  63*5  degrees  at 
Bridgeport  in  the  northern  part  of  the  basin.  The  mean  annual 
temperature  over  the  basin  is  about  66  degrees.  'Tiere  is  a range  in 
mean  monthly  temperatures  of  about  35  degrees  between  the  warmest  month, 
July,  and  the  coldest  month,  January.  Subzero  temperatures  have  been 
recorded  over  the  northern  section  of  the  basin  extending  as  far  south 
as  Hu.ntsville.  Temperature  ranges  are  rather  narrow  or  oceanic  near 
the  coast;  but  are  wide  or  continental  in  character  in  the  interior  of 
the  basin. 


18.  GROWING  SEASON.-  The  growinn  season  between  killing  frosts 
normally  extends  from  the  latter  part  of  March  to  the  early  part  of 
November  in  the  interior  of  the  basin,  and  from  the  early  part  of 
March  to  the  latter  part  of  November  near  the  coast.  The  growing 
season  averages  232  days  in  the  northern  part  of  the  basin,  277  days 
in  the  southern  part . 

19.  SNOWFALL.-  Snowfall  is  generally  light  over  the  basin.  It 
is  occasional  in  the  northern  part  and  rare  in  the  southern  area  near 
the  coast.  It  comes  at  infrequent  intervals  and  melts  rapidly. 
Seasonal  accumulations  are  not  experienced  in  this  basin,  and  snowfall 
therefore  does  not  constitute  a flood  hazard. 
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20.  PRECIPITATION.-  Precipitation  in  the  Trinity  River  Basin 
has  been  observed  officially  since  18^9;  when  a station  was  established 
by  the  United  States  Weather  Bureau  at  Fort  Worth,  Texas.  However, 
only  a few  stations  were  in  existence  prior  to  the  year  I89O.  A total 
of  109  stations  have  been  established  in  this  basin,  but  at  the  present 
time  there  are  only  88  stations  in  operation.  The  remainder  have  been 
abandoned  or  their  records  combined  with  neacrby  stations.  ,0f  the  28 
active  automatic  recording  stations  within  the  basin,  only'2  are 
first-order  stations.  These  are  located  at  Fort  Worth  and  Dallas  in 
the  upper  part  of  the  basin.  Palestine,  located  in  the  middle  basin, 
was  discontinued  as  a first-order  station  in  1953  ^ut  the  recording 
precipitation  record  is  continuous  to  date.  Plate  I5  shows  the 
locations  and  type  of  record  of  the  rainfall  stations  on  and  adjacent 
to  the  basin. 

21.  ANNUAL  RAINFALL.-  Mean  annual  precipitation  over  the  basin 
ranges  from  a minimum  of  about  27  inches  in  the  northwestern  extremity 
of  the  basin  to  a maximum  of  5I  inches  at  the  lower  end.  The  average 
annual  precipitation  over  the  basin  is  about  38  inches.  Plate  I5 
shows  Isohyetals  of  mean  annual  precipitation  over  the  basin,  the 
mean  monthly  distribution  of  rainfall  at  Fort  Worth,  Dallas,  Corsicana, 
Riverside,  and  Liberty.  Table  7 shows  the  maximum,  minimum,  and  United 
States  Weather  Bureau  published  normal  annual  precipitation  at  stations 
in  and  near  the  basin. 


TABLE 

PRECIPITATION  DATA 


Station 


Number 
complete 
years 
of  record 
through  1959 


Annual  precipitation 

i :US'WB  published 

Maximum  ; Minimum  ■ normal 

(inches):  (inches):  (inches) 


Anahuac  (l) 

47 

98.08 

26.54 

55.02 

Bridgeport 

52 

54.55 

15-56 

29-11 

Corsicana 

83 

61.50 

19-36 

35-92 

Dallas 

72 

59-53 

18-81 

34.42 

Fort  Worth 

64 

51-03 

17-91 

33-69 

Gainesville 

65 

52.79 

20.37 

34.42 

Galveston  (l) 

88 

78.39 

21.40 

45.19 

Graham  (l ) 

65 

48.99 

14.12 

27.02 

Huntsville 

69 

69-79 

17-93 

4s. 63 

Liberty 

55 

85-08 

29-63 

McKinney 

50 

20.76 

37-^8 

■10.5'* 

Palestine 

78 

62.48 

23-98 

Riverside 

56 

6s.  4l 

27.32 

4.: . 22 

Waxahachie 

Weatherford 

ll 

s4.82 

55-88 

20.80 

16.66 

3:'-0^ 

31-54 

(1 ) Station  outside  of  basin. 
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PRECIPITATION  DATA 


22.  MINFALL  INTENSITY.-  Periods  of  excessive  precipitation 
have  been  experienced  over  all  parts  of  the  basin.  Generally^  the 
highest  24-hour  and  monthly  periods  have  occurred  during  major 
storms.  However,  there  are  some  instances  of  heavy  precipitation 
resulting  from  local  thunderstorms.  Examples  of  the  latter  type 
of  precipitation  are  the  14.21  inches  of  rainfall  that  was  observed 
at  Kaufman  on  August  22-23,  1908,  and  the  9-18  inches  observed  at 
DsLilas  on  August  26-27,  19^7-  For  a further  discussion  of  tnunder- 
storm  rainfall  see  paragraph  31.  Maximum  24-hour  and  maximum 
monthly  precipitation  for  representative  stations  in  arid  adjacent 
to  the  basin  are  given  in  table  8. 

TABLE  8 


MAXIMUM  24 -HOUR  AND  MAXIMLiM  MONTHLY  PBEC  LPI.TATION 


Station 

: Years  of 

: complete  record 
: through  1959 

: Maximum  2L-hour , 
: rainfall  (l ) , 

: ( inches ) ; 

Maximum  monthly 
rainfall  (1 ) 

( inches ) 

Ariahuac  (2) 

47 

15.87 

20.03 

Bridgeport 

52 

9.07 

16.23 

Corsicana 

83 

7.96 

17.76 

Dallas 

72 

9-18 

13.89 

Fort  Worth 

64 

9.57 

17.64 

Gainesville 

65 

10. C7 

16.40 

Galveston  (2) 

88 

14.35 

26.00 

Graham  (2) 

65 

5.80 

12.5^ 

Huntsville 

69 

7.78 

19.00 

Liberty 

55 

10.22 

22.70 

McKinney 

50 

■7.55 

34.85 

Palestine 

78 

12.06 

17.25 

Riverside 

56 

7.50 

17.25 

Waxahachie 

57 

10.80 

15.03 

Weatherford. 

68 

6.75 

27.94 

(IT)  Published  records.  Unofficial  observations  indicate  published 


records  have  been  exceeded  in  some  sureas. 

(2)  Station  outside  of  basin. 

The  United  States  Weather  Bureau  maintained  three  recording  rain- 
gaging  stations  (Fort  Worth  and  Dallas  in  the  Upper  Trinity  River 
Basin  and  Palestine  in  the  middle  basin)  from  which  data  are  obtain- 
able regarding  intensities  of  rainfall  for  short  periods.  In  addition 
1;here  are  two  such  stations  (Houston  eind  Galveston)  near  the  mouth  of 
the  Trinity  River,  both  outside  of  the  basin,  which  give  some 
Indication  of  rainfall  intensities  on  the  lower  Trinity  River  Basin. 
Table  9 shows  the  maximum  published  precipitation  at  these  5 stations 
for  durations  of  24  hours  or  less. 
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TABLE  9 


RAINFALL  INTENSITIES  AT  FIRST -ORDER  STATIONS 
IN  AND  NEAR  THE  TRINITY  RIVER  BASIN 


Station 

* 

Total  pr 

ecipitation  in  Inches  [1 ) 

: 1 -hour 

; 2-hour  . 

3 -hour 

: 6 ‘ -bout 

: 12-hour 

: 24 -hour 

Fort  Worth 

3.3.5 

5.59 

5.99 

6.93 

9.04 

9.57 

Dallas 

3.39 

4.77 

6.24 

8.00 

9.07 

9.18 

Palestine 

3.21 

i^.31 

4.64 

5.26 

6.21 

12.06 

Houston 

1,36 

6.05 

6.62 

8.67 

10.02 

10. 8'’ 

Galveston 

5.31 

7.58 

8.78 

11.79 

12.76 

14.35 

(l ) Published  records.  Unofficial.  obse.rvat  ions  indicate  published 


records  have  been  e.xceeded. 

23.  EVAPORATION."  An  analysis  was  made  of  evaporation  records  as 
presented  by  the  United  States  Study  Commission  for  various  reservoirs 
in  the  Trinity  River  Basin  for  the  19^1 -1 95V  period.  As  a result  of  the 
analysis  it  was  concluded  that  such  records  were  reasonable  estimates 
and  were  therefore  adopted  for  use  in  this  report.  'These  records  were 
based  on  available  data  at  several  stations  in  and  near  the  basin. 

Seven  of  the  stations  in  and  adjacent  to  the  basin  have  comparatively 
long  records  - Denton  in  the  northen  part  of  the  basinj  Troup  (Lindale ) 
and  Nacogdoches,  30  and  40  miles,  respectively,  east  of  the  basin, 
College  Station  and  Temple,  20  and  70  miles,  respectively,  west  of  the 
basin;  and  Beaumont  and  An^eton,  bO  miles  northeast  and  60  miles  south  - 
west, respectively,  of  the  mouth  of  the  Trinity  River.  The  above 
stations  were  used  to  determine  evaporation  at  the  reservoirs  for  the 
192^-19^0  period  not  covered  by  United  States  Study  Commission  data. 
Table  10  gives  pertinent  data  for  the  seven  evaporation  stations. 
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TABLE  10 


EVAPORATION  DATA 


Station 

Period 

of 

record 

Average  : 
annua].  . Average 
rainfall  :6innual  pan 
( inches ) ; evaporation 
(1)  : (inches) 

Average  annual 
evaporation 
from 

reservoir 
surface 
(inches ) 

(2) 

: Average 

: annual  net 
: evaporatio: 
: loss  from 
: reservoir 
: surface 

: ( inches ) 

Denton 

1917-1959 

32.05 

56.60 

53.22 

21.17 

Troup 

(Lindale ) 

1915-1959 

44.59 

51.86 

48.73 

4.14 

Nacogdoches 

1915-1947 

49.32 

44.67 

41.99 

(3) 

College 

Station 

1916-1955 

39.15 

55.61 

52.28 

13.13 

Beaumont 

1917-1959 

54.21 

48.31 

45.42 

(3) 

Angleton 

1915-1959 

47.73 

45.12 

42.42 

(3) 

Temple 

1915-1959 

33.62 

58.53 

55.02 

21.40 

NOTE:  All  Texas  Agricultural  Experiment  Stations. 

(l ) Corresponding  to  the  period  for  which  evaporation  records  are 


available. 

(2)  Estimated  at  9^  percent  of  pan  evaporation. 

(3)  Rainfa-l  exceeds  evaporation  for  average  conditions. 

2k.  Evaporation  is  greatest  in  the  higher  and  less  humid  upper 
portion  of  the  basin  and  least  in  the  humid  area  near  the  coast. 
Approximately  two-thirds  of  the  annual  evaporation  normally  occurs 
during  the  six  warm  months,  April  through  September,  eind  practically 
the  entire  net  evaporation  loss  occurs  during  the  months  of  June, 

July,  August,  and  September. 

25.  RIVER  STAGE  AND  DISCHARGE.-  The  observation  of  Trinity  River 
streamflow  began  on  October  1,  I898,  when  the  United  States  Geological 
Survey  established  a gage  at  the  Turtle  Creek  pumping  plant  in  Dallas. 

This  gage  was  abandoned  on  December  31 > 1899*  No  discharge  records 
were  published  for  this  period.  In  1903  the  United  States  Weather 
Bureau  established  gages  at  Dallas,  Riverside,  and  Liberty.  Subsequently, 
the  Weather  Bureau  established  gages  at  Bridgeport,  Fort  Worth,  Carrollton, 
Trinidad,  and  Oakwood  (Long  Lake).  Prior  to  1939  the  United  States 
Geological  Survey  had  established  a total  of  22  streamflow  gages  on  the 
Trinity  River  and  its  tributaries.  The  greatest  expansion  in  stream- 
gaging  activity  occurred  during  the  period  1923-1925;  when  12  gages 
were  installed.  In  1939;  the  Geological  Survey  insteilled  4 new  gages 
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on  the  Trinity  River  Basin  in  cooperation  with  the  Corps  of  Engineers. 

Two  of  these  gages  were  at  the  location  of  old  gages  that  had  been 
abandoned,  and  two  were  at  new  locations.  Reservoir  gages  and  inflow 
and  outflow  gages  have  been  established  in  connection  with  the 
construction  of  Corps  of  Engineers  reservoirs  in  the  Upper  Trinity 
Basin.  For  the  period  1903-1959  stage  and  discharge  records  of  varying 
length  were  available  for  63  streamflow  and  reservoir  gages  in  the 
basin.  Plates  38  and  39  show  the  locations  and  the  drainage  areas  of 
active  and  discontinued  stream-gaging  stations  in  the  basin.  Plate  16 
shows  in  bar-graph  form  the  periods  covered  by  records  of  stream-gaging 
and  reservoir  stations.  j 
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CORPS  OF  ENGINEERS 


3 


CALENDAR 


GAGE 


C;PAiNA&E 


stream 


STATION 


ABOVE  I AREA  !N 


SRSOEPOB’  RESERVOIR 
*ES*'  ’R  N ’T  Riv 


SANDv  CRlEi 


E4GI.E  S RESER. 


NEAR  AlEOO 
SEAB  BCNBR.O- 
^EAA  B(NeROC« 


BESSHOCR  RESERvOi 


:lEAH  fork  R .ER 


Clear  eor"  ’’rn 


Big  fOSSiL  CREEi 


NEAR  GRANC  RRA. 
^EAfi  GRAND  RRA 
NEAR  MjENb’ER 
NEAP  MuENS’ER 
NEAR  SANjEO 


MC,N^A.N  GREEK  RESERV! 


E-V  FDftK  *RiNi 


-E  ElV  RESERvOiR 


•OMEt  creek  SaBWA’ERSHED  VD  i2 


SISTER  GROVE  CREEK 


NEAR  garland 


NEAR  CRANDAi 


'N  OAK  CPEfi 


NEAR  HwBBAR: 


CmlANO  CREE' 


near  R.CmlANC 


NEAR  OAk*OOD  ■ lLNC  lake 


AT  R'vERSiDE 


AT  ROMAtOR 


NOTES 

Gage  lumbers  refer  ro  JSGS  aerrnonerft  tumbe'-ryg  sys'err 
Th,s  bosia  It  focatea  >'>  'f>e  iNesfe'"  Gnif  of  Nhfco  Bonn 
Pref't  080  to  number  ibown  to  obtom  complete  gage 
number  (Eiompie  Gage  i90.  East  ^o'»  above  McK.nnef, 
!$  octuoUy  0805901 

• No  permanent  uSGS  ■number  attigneo  to  tr-ete 
gages 

Refer  to  plates  38  and  39  tor  location  of  stream  gogmg 
stations 

• • P'SCbarge  not  compv’ea  be-m  joge  n^-gt'i  of  >0  tee' 
becdut,e  ' ae^  at'ect  ">e  stage  d'schorge  relation 


•-’^GS  9E0C 
ME  b.E  Rvom 
;SGS  NOW- 
tST  IWATEO 
GAGE  -hEiOM 


r- 

B 
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B 

S 
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t— 

BB 

h 

- 

h; 
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26.  ANNUAL  RUNOFF.-  Observed  average  annual  runoff  at  the 
principal  gages  in  the  Trinity  River  Basin  are  given  in  table  11. 

Also  given  are  the  minimum  and  maximum  annual  runoff  for  the  purpose 
of  illustrating  the  extremes  to  which  the  annual  runoff  in  this  "basin 
is  subject. 


TABLE  11 

ANNUAL  RUNOFF  DATA  ( OBSERVED j (l) 
CALENDAR  YEAR 


Stream  and  station 

: Drainage 
: area 

:(sq.mi.) 

, Period 
; of  ; 

: record  : 

Runoff  in  inches 
Minimum: Average . Maximum 
annual  . annual  ; annual. 

West  Fork  at  Bridgeport 

I ,117 

1908-1930 

0.59 

2.48 

6.50 

Big  Sandy  Creek  near 

Bridgeport 

332 

1937-1959 

0.17 

3.61 

15.01 

Clear  Fork  near  Aledo 

2h6 

1947-1959 

0.09 

2.21 

5.18 

Clear  Fork  near  Benbrook 

^35 

1947-1959 

0.03 

2.15 

7,21 

Clear  Fork  at  Fort  Worth 

526 

1924-1959 

0.07 

2.70 

8.23 

West  Fork  at  Fort  Worth 

2,627 

1921-1959 

0.06 

2.18 

^.93 

West  Fork  at  Grand  Prairie 

3,070 

1925-1959 

0.31 

2.51 

8.30 

Elm  Fork  at  Lewisville 

1,671 

1949-1959 

0.81 

4.01 

13-35 

Denton  Creek  near  Roanoke 

621 

1924-1955 

0.32 

3.65 

11 . 49 

Trinity  River  at  Dallas 

6,120 

1903-1959 

0.28 

3.32 

10.01 

East  Fork  near  Rockwall 

840 

1923-1954 

0.02 

7.71 

21.02 

East  Fork  near  Crandall 

1,257 

1949-1959 

0.4l 

5-75 

16.57 

Trinity  River  near  Rosser 

8,162 

1938-1959 

0.48 

4.61 

10.87 

Cedar  Creek  near  Mabank 

734 

1939-1959 

1.54 

8.69 

18,01 

Richland  Creek  near  Richland  737 

1939-1959 

0.89 

7.26 

18,11 

Chambers  Creek  near  Corsicana  97^ 

1939-1959 

0.43 

6.54 

15.76 

Trinity  River  near  Oakwood 

12,912 

1923-1959 

0.82 

5,10 

12.78 

Trinity  River  near  Midway 

14,484 

1939-1959 

0.88 

5-63 

13.11 

Trinity  River  at  Riverside 

15,619 

1903-1959 

0.94 

5.71 

13.27 

Trinity  River  at  Romayor 

17,192 

1924-1959 

1,00 

5.83 

13.39 

.Observed  runoff  reflects  historical  depletions  due  to  storages, 
evaporation,  diversions,  etc.,  in  existing  local  interest  and 
Corps  of  Engineers  projects. 


27.  The  data  in  table  11  indicate  that  the  annual  runoff  tends 
to  increase  from  the  headwaters  toward  the  mouth.  This  is  to  be 
expected  because  of  the  greater  rainfall  on  the  lower  part  of  the 
basin. 
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28.  Runoff  values  in  studies  of  basiji  development  were  based  on. 
(l)  existing  conditions  of  runoff,  determined  from  observed  records  at 
stream-gaging  stations  with  applicable  reduction  factors  applied  to 
account  for  existing  developments  on  the  basin,  and  (2)  the  2020 
conditions  of  runoff,  determined  as  follows.  An  aiialysis  was  made  of 
the  runoff  for  the  19^1-1957  period  as  presented  by  the  United  States 
Study^  Commission  - Texas.  As  a result  of  this  analysis  it  was 
concluded  that  such  runoff  constituted  a reasonable  estimate  and  was 
therefore  used  with  the  following  exception.  Detailed  operational 
records  from  the  Dallas  Power  and  Light  Company  at  the  existing 
Mountain  Creek  Dam  were  used  by  the  Corps  of  Engineers  to  determine 
the  runoff  on  Mountain  Creek.  For  the  period  1924  19Lo  tne  runoff  was 
determined  from  observed  records  at  stream-gaging  stations  with 
applicable  reduction  factors  applied  to  reduce  these  flows  to  2020 
conditions  of  basin  development. 

29.  DROUGHTS.-  There  have  been  two  major  droughts  experienced 
on  the  Trinity  River  Basin  - I9O8-I913  and  1950-1957.  Dde  to  paucity 
of  records  during  the  1908-1913  period.,  the  latter  drought  period, 
due  to  its  areal  coverage,  duration  and  the  availability  of  data, 
has  been  adopted  as  the  critical  period  with  respect  to  water  supply 
for  this  report-  The  drouglit  of  1950-1957  was  terminated  by  the 
floods  of  April. -June  1957-  Excessive  runoff  also  occurred  during  the 
earlier  part  of  1950-  The  calendar  yeeirs  1951  through  1956  were, 
however,  entirely  within  the  drought  period.  The  mean  annual  runoff 
on  the  Trinity  River  at  Dallas  (in  the  upper  basin)  and  Romayor  (in 
the  lower  basin),  based  upon  the  entire  period  of  observed  record  at 
the  two  gaging-stations,  is  3-32  inches  and  5.83  inches,  respectively. 
The  mean  annual  runoff  for  calendar  years  1951  through  1956  was  only 
0.5^  inch  at  Dallas  and  2.l4  inches  at  Romayor.  Normal  precipitation 
at  the  Dallas  and  Liberty  gages,  as  published  by  the  U-  S.  Weather 
Bureau,  is  3^*42  inches  and  51"15  Inches,  respectively.  During  the 
period  1951-1956  the  mean  annual  precipitation  was  25-39  Inches  at 
Dallas  and  41.47  Inches  at  Liberty.  These  represent  average  annual 
rainfall  deficiencies  of  9-03  inches  and  9»68  inches  at  Dallas  and 
Liberty,  respectively,  during  the  period  1951  through  1956. 

30.  STORM  CHARACTERISTICS.-  The  storms  that  cause  precipitation 
on  the  Trinity  River  Basin  are  of  three  general  types;  (l ) thunder- 
storms, culminating  in  devastating  cloudbursts;  (.2)  frontal  storms; 
and  (3)  cyclonic  storms  originating  in  the  tropics  or  the  western 
Gulf  of  Mexico.  Approximatel.y  three-fourths  of  the  precipitation  on 
the  basin  results  from  disturbances  of  the  first  two  types  and  the 
remaining  one-fourth  from  disturbances  originating  in  the  tropics 

or  the  Gulf  of  Mexico.  The  tropical,  and  Gulf  storms  occur  principally 
during  the  period  from  June  to  November,  inclusive. 
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31-  THUNDERSTORMS.-  Thunderstorms as  here  described,  are 
produced  and  maintained  by  locaj  ccnvectionai  currents  of  the  vertical 
type.  They  are  sometimes  accompanied  by  excessive  precipitation  for 
periods  up  to  about  6 or  8 hours,  but  rarely  produce  excessive 
precipitation  over  extensive  areas-  Thunderstorm;  cause  freshets  and 
even  major  floods  on  the  smaller  tributaries,  but  do  net  produce  major- 
floods  in  the  larger  streams.  Thunderstorms nouever,  often  cause 
damage  to  the  levee  districts  on  the  larger  tributaries  and  on  the 
main  river  by  breaching  the  lateral  or  hillside  levees  and  covering 
the  protected  lands  within  the  levee  districts  with  the  floodwaters 
and  debris  collected  from  the  local  watershed.  The  floods  produced 
by  these  storms  a"e  especially  damaging  to  crops  because  they  occur 
most  frequently  in  the  growing  season.  This  type  cf  storm  is 
exemplified  by  the  rainfall  of  lU.21  inches  observed  at  Kaufman  on 
August  22-23j  1908.  The  area  covered  by  the  intense  precipitation 
was'* probably  smalx,  since  practically  no  precipitation  was  observed 
at  surrounding  stations.  Although  no  information  is  available  on  the 
distribution  of  this  rainfall.;,  it  is  pm'jbab,..e  that  the  greater  part 
of  the  1I.2I  inches  recorded  for  2^  hours  fell  in  a nruch  shorter- 
period.  A more  recent  example  of  thunderstorm  type  rainfall  occurred 
at  Dallas  on  August  26-2^,  194f  where  9-18  inches  fell  in  a period  of 
2h  hours  with  9-07  inches  occurring  in  a period  of  only  eleven 
hours . 


32.  FROriTAL  STORMS.-  Frontal  storms  that  cause  precipitation 
on  this  basin  result  from,  the  forced  ascension  of  warm  mol sture -laden 
air  masses  originating  over  the  warm  oceanic  areas  to  the  south. 

The  lifting  of  the  warmer  air  mass  is  acocro.pl i shed  either  by  direct 
convergence  of  a tropical  air  mass  and  a polar  air  mass,  or  by  the 
convergence  and  partial  eracorapassing  of  a tropical  air  mass  by 
several  denser  air  masses.  The  greatest  storms  of  record  that  have 
been  experienced  on  the  Trinity  River  Basin  are  of  the  frontal  type. 
Some  examples  of  the  frontal  type  storm  are  those  of  May  22-26,  I908; 
December  1-5,  1913;  May  24-31.,  1929;  and.  September  25-2&.  1936- 

33.  CYCLONIC  STORMS.-  It  remains  to  cen-sider  the  characteristics 
of  the  cyclonic  sto.r-m  which  originates  in  the  t.ropi.c?  arjd  the  western 
Gulf  of  Mexico.  When  these  storirii  move  inland  they  tend  to  curve  to 
the  northeast  and  to  pass  up  the  Mississippi  Valley.  In  following 
this  course,  the  storm  center  would  most  likely  cross  the  lower  portion 
of  the  basin  somewhere  below  Dalxas.  where  its  wi-ith  is  relatively 
narrow  and  the  land  slopes  ore  not  steep.  The  heaviest  precipitation 
in  these  storms  Is  generally  experienced  in  the  ri.gh^  front  quadrant. 
Hence,  the  greatest  precipitation  would  tend  tc  be  concentrated  on 

the  lower  portion  of  the  basin.  Tne  severe  tropical  storm  of 
August  17-20,  1915,  is  an  example  of  the  cyclonic  storm. 
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34.  MAJOR  BAJUJ  STOPJ-IS.  - Sorije  of  tne  major  flcod“producing 
storms  that  have  occurred  over  the  Trinity  Fiver  Basin  ar-e  as  follovs: 
June  28-JuIy  1,  I8J9;  May  22-26.,  i90d;  December  1-5.,  1913;  April  20-26, 
1915;  April  24-27,  1922;  May  24-31,  1929;  September ' 25-28,  1936; 

November  19  -26,  1940;  April  5-30'  19^2,  April  29 -May  4,  1944,  March  28- 
Aprll  2,  1945;  May  l6-17.,  19^9;  and  April -June  1957*  Isohyetal  maps 
and  typical  mass  curves  of  precipitation  for  selected  major  basin  stormr 
are  shown  cn  plates  IV  through  2C,  and  a description  of  these  storms  is 
given  in  the  following  paragraphs. 

35*  STORM  OF  JUTffl  26-JULf.  1,  i.899=-  The  center  of  this  storm 
was  located  at  Hearnc  I about  60  miles  v/est  of  the  Trinity  River  Basin) 
where  rainfall  of  3^*‘5  inches  was  recorded  for  the  108-hour  storm  period. 
The  heaviest  concentration  of  rainfall  in  the  Trinity  River  Basin 
occurred  on  the  Richland  and  Chambers  Creek  watersheds  and  in  the  lower 
portion  of  the  Trinity  River  Basin  below  the  mouth  of  Richland  Creek 
where  the  following  rainfall  arr'Ounts  were  recorded  Mann  (near 
Corsicana),  10.0  inches,  I'aiestine  , 7*5  inches;  and  Huntsville,  7.6 
inches.  An  isohyetal  map  and  typical  mass  curve.s  of  precipitation  for 
the  storm  of  June  28-July  1,  1899  sre  shown  on  plate  17. 

36.  STORM  OF  MAf  22-26,  1908.-  Tne  center  of  this  storm  was  at 
Chattanooga  in  southern  Okl.ahoraa  where  rainfall  of  9*^  inches  vac- 
recorded  for  the  storm  period.  This  storm  covered  the  entire  headwaters 
of  the  Trinity  River  dov;n  tc  the  mouth  of  the  East  Fork  with  the  heaviest 
concentration  over  the  Elm.  Fork  watershed.  Between  8 and  9 Inches  of 
rain  fell  over  the  upper  portion  of  the  Elm  Fork  watershed  and  from 

4 to  8 inches  over  the  greater  part  of  the  Trinity  River  Basin  above 
Dallas.  Practically  no  rainfall  was  recorded  on  the  Trinity  River  Basin 
below  the  mouth  of  the  East  Fork.  Some  of  the  rainfall  amounts  on  the 
Upper  Trinity  River  Basin  were  as  follows..  Gainesville,  8.3  inches; 

Fort  Wortn,  7-3  inches;  Weatnerford,  6.4  Inches;  and  Dallas,  4,o  inches. 
An  isohyetal  map  and  typical  mass  curves  of  precipitation  for  the  storm.' 
of  May  22-26,  1908  are  shown  on  plate  iv. 

37.  STORM  OF  DECEMBER  i-5;  i943"-  T^he  center  of  tnis  storm  was 
at  San  Marcos  in  south  central  Texas  (about  jOO  miles  southwest  of  the 
Trinity  River  Basin)  where  rainfall  of  1 ; . ■ inches  was  recorded  for 
the  96-hour  storiri  period.  This  storm,  generally  covered  that,  portion 
of  the  Trinity  River  Basin  betw-een  the  mouth  of  the  East  ForK  and  the 
Riverside  gage  with  the  heaviest  concentration  of  rainfail  on  the 
watersheds  of  Richland,  C'han-ibers , and  Cedar  Creeks.  Some  of  the  higher 
rainfall  amounts  within  the  storm  area  on  the  Trinity  River  Basin  were 
as  follows;  Kaufman,  11. 7 inches;  Waxahachie  8.2  inches;  Corsicaia, 

9.C  inches;  Long  L.ake,  8.5  Inches;  and  Riverside,  5.3  inches.  An 
isohyetal  map  and  typical  mass  ci*rves  of  precipitation  for  the  storm 

of  December  I-5,  1913  axe  shown  on  plate  I7. 
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38.  STORM  OF  APRIL  2Q-2b,  1915  - The  center  of  this  storm  was 
at  Aistin,  Texas  f about  90  miles  west  of  the  Trinity  River  Basin) 
where  rainfall  of  17-1  inches  was  recorded  for  the  storm  period. 

This  storm  generally  covered  the  East  Fork,  watershed  and  that  portion 
of  the  Trinity  River  Basin  between  the  mouth  of  the  East  Fork  and 
the  Oakwood  (.Long  Lake)  gage.  Rainfall  amounts  recorded  within  this 
area  were  as  follows:  McKinney,  6.6  inches,  Trinidad,  8-0  inches;  and 

Long  Lake,  5*3  inches.  An  isohyetal  map  arid  t'./'picai  mass  curves  for 
the  storm  of  April  20-26.,  1915  aie  shown  on  plate  17 

39.  STORM  OF  APRIL  24-27.,  1922.-  The  center  of  this  storm  was 
at  V/eatherford,  in  the  Clear  P'ork  watershed,  where  rainfall  of  11.4 
inches  was  recorded  for  a period  of  about  hours.  The  storm  generally 
covered  the  Upper  Trinity  River  Basin  with  the  heaviest  concentration 

on  the  Clear  Fork.  Rainfall  amounts  recorded  within  the  storm  area  on 
the  Upper  Trinity  River  Basin  were  as  follov/s;  Weatherford,  11.4  inches; 
Fort  Worth,  10.6  inches;  Dallas,  5«8  inches;  and  Waxahachie,  6.3  inches. 

40.  STORM  OF  MAY  24-31 , 1929- - The  center  of  this  storm  was 
at  Driftwood  (near  Austin  and  about  100  miles  west  of  the  Trinity 
River  Basin)  where  rainfall  of  15-0  inches  was  recorded  for  the  storm 
period.  The  5 -inch  Isohyet  for  this  storm  enveloped  practically  the 
entire  area  of  the  Trinity  River  Basin  between  the  mouth  of  East  Fork 
and  Liberty  gage.  Rainfall  amounts  recorded  within  this  area  were 

as  follows;  Huntsville,  10.8  Inches;  Mexia,  8,4  inches;  Crockett, 

6.5  inches;  Riverside,  9-9  inches;  and  Liberty,  4.5  inches.  An 
isohyetal  map  a.nd  typical  mass  curve  of  precipitation  for  the  storm 
of  May  24-31,  I929  are  shown  on  plate  18- 

41.  STORM  OF  SEPTEMBER.  25-28,  1936 ■ - This  storm  was  centered 

at  Hillsboro,  .just  outside  the  Trinity  River  Basin,  where  rainfall 
of  15,5  inches  was  recorded  within  the  storm  period.  Rainfall  of  an 
almost  equal  amount  (l4.7  inches.)  was  recorded  at  Ennis  in  the  Chambers 
Creek  watershed.  Although  the  storm  had  a duration  of  90  hours,  the 
greater  part  of  the  rain  fell  in  a period  of  from  1.2  to  I8  hours.  The 
heaviest  concentration,  of  rainfall  within  tne  Trinity  River  Basin 
occurred  on  the  watersheds  of  Mountain,  RichLL.and,  Chambers,  and  Cedar 
Creeks,  Rainfall  amounts  recorded  within  this  area  of  heaviest 
concentration  were  as  follows:  Kaufmar- , 14.2  inches;  Ennis,  l4.7 

inches;  Meuntain  Craett,  Ij.,3  Inches;  Waxahachie,  10. 3 inches;  and 
Corsicana,  "^.0  inches.  An  isohyetal  map  and  typical  mass  curves  of 
precipitation  for  the  storm  of  September  25-28,  19.36  are  shown  on 
plate  18, 

42.  STORM  OF  NOVEMBE.R  19-26,  1940,-  The  center  of  this  storm 
was  at  Hempstead  f, about  80  miles  west  of  the  Trinity  River  Basin) 
where  rainfal.l  of  21.0  inches  was  recorded  for  the  storm  period. 

Heavy  rainfall  was  experienced  on  the  central  and  southern  portions 
of  the  Trinity  River  Basin  during  this  storm.  Some  of  the  higher 
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rainfall  anounts  recorded  in  the  basin  during  this  storm  were  as 
follows'.  Long  Lake,  19*6  inches;  Centerville,  20,0  inches;  and 
Shepherd.  16, C inches.  An  isohyetoi.  map  and  typical  mass  curves 
of  precipitation  for  the  storm  of  November  19-26,  19^0  are  shown  on 
plate  18, 

43.  STORM  OF  APRIL  5-30,  19^2,-  This  storm  covered  the  entire 
Trinity  River  Basin.  Storm  centers  were  scattered  throughout  the 
basin>  however,  the  heaviest  concentration  of  rainfall  was  experienced 
in  the  upper  basin.  The  storm  of  April  5-30,  19^2  consisted  of  four 
distinct  periods  of  rainfall..  These  periods  were  as  follows* 

April  5-9,  April  12-14,  April  18--20,  and  April  23-30,  Precipitation 
during  the  first  period  fell  at  moderate  rates  on  relatively  dry 
ground  and  did  not  produce  excessive  runoff  on  the  tributaries.  The 
second  period  consisted  of  light  rains  of  litvle  significance.  The 
third  and  fourth  periods  consisted  of  several  short  periods  of  intense 
precipitation  and  generally  produced  the  high,  discharge  experienced  in 
the  basin.  Some  of  the  rainfall  amounts  recorded  in  the  basin  during 
the  total,  storm  period  of  April  5-3O  were  as  follows;  Roanoke,  I8.8 
inches;  Gainesville,  l6.4  inches;  .Fort  Worth,  17,0  inches;  Dallas, 

12.4  Inches;  McKinney,  I7.I  Inches;  Rosser,  13,7  Inches;  Trinidad, 

8.3  inches;  Long  Lake,  8,0  inches;  and  Liberty,  8.5  inches.  An 
Isohyetal  map  and  t;rpicai  mass  curves  of  precipitation  for  the  storm 
of  April  5~30.«  19^2  are  shown,  on  plate  I9, 

44.  STORM  OF  APRIL  29-MAY  4,  iy44.-  The  center  of  this  storm 
was  at  Pollok  (about  30  miles  east  of  Crockett)  where  rainfall  of 
16.0  inches  was  recorded  for  the  storm  period.  This  storm  generally 
covered  the  Trinity  River-  Bas’n  below  Dallas.  Some  of  the  rainfall 
amounts  recorded  in  the  Trinity  River  Basin  were  as  follows:  Denton, 

3-6  inches;  Dallas,  5.9  inches,  Trinidad,  7*8  inches;  Jewett,  11. 9 
inches;  Riverside,  4,9  inches;  and  Liberty,  6.4  inches.  An  isohyetal 
map  and  typical  r.oass  cunves  of  precipitation  for  the  storm  of  April  29- 
May  4,  1944  are  shown  on  plate  ly. 

45.  STORM  OF  MARCH  23-April  2,  1945.-  The  center  of  this  storm 
was  at  Wlnnsboro  (about  60  miles  east  of  the  Trinity  River  Basin) 
where  rainfall  of  15 -5  inches  was  recorded  for  the  storm  period. 

This  storm  generally  covered  the  Trinity  River  Basin  between  Dallas 
and  Oakwood  (Long  Lak.e)  and  the  West  Fork  watershed  below  Fort  Worth. 
Some  of  the  rainfall  amounts  recorded  in  the  Trinity  River  Basin 
were  as  follows;  Fort  Worth,  3«5  inches;  Mansfield,  9*8  inches; 

Rosser,  8.7  inches;  Trinidad,  8.2  inches;  Kemp,  10.0  inches;  and  Long 
Lak.e,  5-4  inches. 

46.  STORM  OF  MAY  16-17.-  1949*  ~ TTie  center  of  this  storm  was  at 
Kennedale  on  the  Village  Creek  watershed  (a  tributary  of  the  West 
Fork)  where  rainfall  of  12.8  inches  was  recorded  in  a period  of  9 hours. 
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The  heaviest  rainfall  for  this  storm  occurred  on  the  Clear  Fork 
watershed  and  on  that  portion  of  the  V/est  Fork  watershed  lying 
between  Port  Worth  and  Dali  as.  Heavy  rainfall  with  an  average 
depth  of  8.7?  Inches  on  the  area  of  the  Clear  Fork  between  the 
Aledo  eind  Fort  Worth  gages  produced  the  maximum  flood  of  record  on 

the  Clear  Fork  at  the  Fort  Worth  gage.  Some  of  fhe  rainfall  amounts 

recorded  in  the  storm  ar-ea  were  as  follow^'  Weatherford,  10.0 
Inches;  Aledo,  11.0  inches;  Fort  Worth,  8.0  inches;  Hurst,  10.0 
inches;  and  Dallas,  5-^  inches. 

47.  STORMS  OF  APRIL-'-Jl'HE  195'^-  The  storms  which  began  over 
Texas  on  April  19  produced  rainfalls  during  the  month  varying  from 

about  8 inches  in  the  lower  Trinity  River  Basin  to  about  '0  inches 

in  the  central  portion  of  the  basin  to  a maximum  of  about  20  inches 
in  the  upper  basin  near  the  Gar-za-Little  Elm  Reservoir,  During  the 
month  of  May,  the  storm.s  continued  ovei  the  ca.in  producing  rainfalls 
vsirying  from  about  2 inches  near  the  mouth  tc  about  t inches  in  the 
central  basin  near  Oalcwood  to  about  16  inches  on  ihe  watersheds  of 
the  East,  Elm,  and  West  ForKs.  Painfalj.  totaii  ■ 1 the  casin  for 
the  month  of  June  were  more  moderate  ranging  from  about  2 in -her 
in  the  upper  basin  tc  about  xC  inches  at  th“  e.xtreme  _ >wer  end  of 
the  basin.  The  heavy  general  rams  ended  about  June  S and  for  t:. 
remainder  of  the  month  such  rainfall  as  occurred  was  in  the  form  of 
scattered  showers.  The  most  significant  periods  of  flood  runoff 
resulting  from  the  series  of  storms  which  occurred  during  the  period 
of  April -June  1957  were  during  the  latter  part  of  April,  about  the 
middle  and  end  of  May,  and  the  early  part  of  June.  Flows  in  the 
river  continued  high  during  June  due  to  releases  from  the  upper  Trinity 
River  reservoirs  where  the  fo.ood -control  storage  was  being  evacuated. 
Although  none  of  the  peak  discharges  exceeds  the  record  peak  discharges 
of  the  respective  gages,  the  volume  of  ninoff  exceeded  that  produced 
during  any  similar  period  for  which  recoru^.  are  available..  The  floods 
of  April -June  195'^  on  the  Trinity  Pi'^er  Basin  above  Dallas  produced 
about  3)888,000  acre-feet  of  runoff  (ad  lusted  for  storage  in  upstreaij 
reservoirs)  , whereas  the  floods  of  April —June  I908  produced  only  abou’ 
2,400,000  acre-feet  of  runoff  or  about  one  and  one- half  time:;  as  muc'h 
flood  runoff  occurred  on  the  Trinity  River  Bar  in  above  Dal  :,a.-  as  dur:- 
the  floods  of  April -June  1908  which  p.'ci.,ced  ' e maximum  Knowr;  neak 
discharge  at  Dallas.  The  West  Fork  wat ersn- 1 above  F>,rt  Worth  produced 
about  1 ,278,000  acre -feet  of  runoff  'ad  justed  for  storage),  during  the 
April -June  195^  floods  or  about  five  times  the  flood  volume  of  the 
April -June  19^9  flood  (255;  00C  acre-feet.)  wpicb  produced  the  maximum 
known  peak  discharge  on  the  Ciear  Fork  at  Fort  Worth.  Isohyetal  maps 
and  typical  mas.s  curves  of  paeo.pitat  ion  for  April,  May,  and  June  19''7 
and  for  the  total  period  of  April  tnrough  June  are  shown  on 

plate  20. 
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^8.  FLOODS.-  Floods  occur  frequently  and  at  almost  any  time  of 
the  year  on  the  Trinity  River  Basin.  Table  12  gives  peak  discharges 
and  volumes  for  some  of  the  larger  floods  at  some  of  the  principal 
gages  in  the  basin: 


TABLE  12 
FLOOD  DATA 


: Peak  : Date  : Flood  volume 

Date  of  flood  : discharge  : of  : passing  gage 

; (cfs)  : peak  : (acre -feet)  : (inches) 

WEST  FORK  TRINITY  RIVER  AT  FORT  WORTH  - D.  A.  = 2,62?  SQ.  MI. 


April  23 -May  7,  1922 

85,000  Apr  25 

265,600 

1.90 

April  18-May  l6,  19^2 

23,700  Apr  2k 

417,500 

2.98 

March  29-April  21,  19^5 

31,200  Mar  30 

172,500 

1.23 

May  15-25,  19^9 

64,300(1)  May  I7 

125,000 

0.89 

April  18-July  5,  1957 

26,800(2)  May  25 

792,300 

5.66 

(1)  Affected  by  major  levee 

breaks. 

(2)  Discharge  estimated  at 

58,800  second-feet 

without  Benbrook 

Reservoir  in  operation. 

WEST  FORK  TRINITY  RIVER  , 

AT  GRAND  PRAIRIE  - 

D.  A.  = ',,010  SO. 

. MI. 

April  18-May  18,  19^2 

27,200  Apr  25 

521,500 

3-18 

March  29-April  21,  19^5 

29,500  Mar  31 

251 , 800 

1.54 

May  15-25,  19^+9 

62,000(1)  May  17 

213,600 

1.31 

April  19-July  6,  1957 

59,200(2)  May  26 

1,040,200 

6.35 

(1)  Affected  by  major  levee 

breaks. 

(2)  Dischau'ge  estimated  at  68,800  second-feet  without  Benbrook 
Reservoir  i"  operation. 
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TABLE  12  (Cont'd) 


FLOOD  DATA 


Date  of  flood  : 

Peak  : 

discharge  ; 
(cfs)  : 

Date 

of 

peak 

: Flood  volume 

: passing  gage 

: (acre -feet)  : (inches) 

TRINITY  RIVER 

AT  DALLAS  - 

D.  A.  = 

6,120  SQ.  MI. 

May  22-June  10,  1908 

184,000 

May  25 

1,354,100 

4.15 

April  25 -May  7,  1922 

75,100 

Apr  27 

531,600 

1.63 

June  6 -July  2,  19^1 

77,000 

June  12 

980,600 

3.00 

April  18-May  18,  1942 

111,000 

Apr  26 

1,521,400 

4.66 

March  29 -April  22,  1945 

52,900 

Mar  31 

685,100 

2.10 

May  27 -June  19,  1946 

38,900 

.June  2 

564,900 

1.73 

May  15-25,  1949 

82,500(1) 

May  18 

392,100 

1.20 

April  19-August  31,  1957 

75  ..300(2) 

May  26 

2,679,500 

8.20 

April  13-June  11,  1958 

23,200(2) 

Apr  27 

896,200 

2.75 

(1)  Affected  by  major  levee  breaks. 

(2)  Discharge  estimated  at  222,000  second-feet  and  98,500  second-feet 
in  1957  and  1958,  respectively,  without  Corps  of  Engineers 
reservoirs  in  operation. 


TRINITY  RIVER  AT  ROSSER  - D.  A.  = 8,l62  SQ.  MI. 


June  2-July  10,  1941 

55,300 

Jun  16 

1,694,800 

3.89 

April  20-May  17,  1942 

(1) 

(1) 

2,128,700 

4.89 

April  29-May  18,  1944 

39,000 

May  6 

500,400 

1.15 

March  28-May  5,  1945 

66,600 

Apr  2 

946,700 

2.17 

May  28-June  I9,  1946 

54,800 

Jun  4 

996,500 

2.29 

May  16-27,  1949 

51,900 

May  21 

473,000 

1.09 

April  19-September  5,  1957 

56,000(2)  May  29 

4,045,900 

9.29 

April  13-Oune  12,  1958 

34,000(2)  May  3 

1,426,600 

3.28 

(1 ) Maximum  di.schEirge  not  determined,  occurred  April  23  or  2h  following 
numerous  breaks  in  levee  system,  average  daily  discharge  on 

April  23  was  133,000  second-feet. 

(2)  Discharge  estimated  at  l42,000  and  100,000  second-feet  in  1957  and 
1958,  respectively,  without  existing  Corps  of  Engineers  reservoirs. 
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TABLE  12  (Cont'd) 


FLOOD  DATA 


Date  of  flood 

Peak  : 

discharge 
(.  cf  s ) : 

Date 

of 

peak 

Flood  volume 
passing  gage 
(acre -feet)  ; (inches) 

TRIIUTY  RIVER  AT  OAXWOOD  - 

D.  A.  = 

L2,912  SQ.  m. 

1890 

180,000 

(1) 

(1) 

(1) 

May  29 -June  11,  1908 

161,000 

Jun  1 

2,190,900 

3.62 

April  25 -May  12,  1922 

67,100(2) 

May  2 

1,515,300 

2.20 

June  2- July  I6,  19^1 

69,300(2) 

Jun  22 

2,333,600 

3.39 

April  23-May  22,  19^+2 

153,000 

Apr  29 

3,330,800 

1.81 

April  30-May  20,  19^^ 

111,000 

May  5 

1,828,200 

2.65 

March  31-May  13,  19^5 

110,000 

Apr  3 

2,955,100 

1.29 

May  28- June  20,  19^6 

51,000 

Jun  10 

1,366,800 

1.98 

May  18- June  12,  19^9 

28,600(2) 

May  30 

7I1 , 300 

1.08 

April  19-September  9,  1957  91,800(3) 

Apr  28 

6,553,600 

9.52 

April  11 -June  I5,  I958 

95,100(3) 

May  7 

2,395,600 

3.18 

(1)  Data  not  available. 

(2)  Average  daily  discharge. 

(3)  Discharge  estimated 

at  137,100  and  110,500 

second-feet  in  1957 

1958,  respectively. 

without  existing  Corps 

of  Engineers 

reservoirs 

TRINITY  RIVER  AT  RIVERSIDE  - D.  A.  = 13,619  SQ.  MI. 


May  2l-July  7,  1908 

100,000 

Jun 

11 

3,662,900 

l.lo 

April  25 -May  20,  1922 

73,300(1) 

May 

1 

2,773,600 

3.33 

June  3- July  21,  19II 

17,500(1) 

Jul 

2 

2,639,600 

3.17 

April  21 -May  29,  19I2 

121,000 

May 

5 

1,192,100 

5.03 

April  30-June  1,  I9II 

83,000 

May 

11 

2,723,100 

3.27 

March  30-May  10,  I9I5 

116,000 

Apr 

9 

3,769,600 

^^.53 

May  31 “June  30,  19I6 

10,200 

Jun 

19 

1,618,200 

I.9I 

May  22-June  I5,  19l9 

23,100(1) 

Jun 

5 

727,100 

0.87 

April  21 -September  11,  1957 

97,700(2) 

May 

1 

7,691,100 

9.2I 

April  13-June  17,  1958 

66,800(2) 

May 

11 

2,782,500 

3. 31 

(1 ) Average  daily  discheurge. 

(2)  Discharge  estimated 

at 

130,500  and  109,000 

second-feet 

in  1957  and 

1958,  respectively. 

without  existing  Corps 

of  Engineers 

reservoirs 

H-^9 


Continued 


r 

TABLE  12  (Cont'd) 

FLOOD 

DATA 

i ’ 

; Peak 

Date 

: Flood  volume 

Date  of  flood 

: discharge 

of 

: passing 

gage 

J Lcfs) 

peak 

: (acre -feet) 

( inches ) 

miNITY  RIt’ER  AT  ROMAYOR  - 

D.  A.  = 

17,192  3Q.  MI. 

r 

June  5 -July  31,  19^1 

4i^, 100(1) 

Jul  5 

3,047,500 

3-32 

April  21 -June  1,  19^2 

111,000 

May  9 

4,751,700 

5.18 

April  30 -June  6,  19^^ 

69,000 

May  15 

3,216,900 

3.51 

March  31-May  15 ^ 19^5 

106,000 

Apr  13 

4,340,200 

4.73 

May  31 -July  6,  19^6 

40,600(1) 

Jun  23 

1,844,500 

2.01 

May  23 -June  21,  19^9 

23,^00(1) 

Jun  7 

820,700 

0.89 

April  23-September  15, 

1957  93,200(2) 

May  10 

8,234,100 

8.98 

April  13-June  18,  1958 

58,200(2) 

May  19 

2,797,600 

3.05 

(I")  Average  daily  discheirge. 

(2)  Discharge  estimated  at  125,900  and  102,000  second-feet  in  1957 


1958,  respectively,  without  existing  Corps  of  Engineers  reservoirs. 


MOUITOAIN  CREEK  NEAR  GRAND  PRAIRIE  - D.  A.  = 289  SO.  MI. 


Dec.  15-Jan.  4,  1928 

35,900 

Dec  17 

31,700 

2.06 

May  8-18,  1930 

18,800 

May  15 

27,400 

1.78 

April  18-May  19,  1942 

29,300(1) 

Apr  20 

89,400 

5.80 

March  29-31,  1945 

23,100(1) 

Mar  30 

52,700 

3.42 

May  29-31,  1946 

18,500(1) 

May  30 

42,500 

2.76 

February  23-25,  1949 

19,200(1) 

Feb  24 

51,500 

3.34 

Ap.il  19- June  5,  1957 

1 

25,400(1) 

Apr  26 

133,300 

8.65 

(1)  Peak  discharges  estimated  from  changes  in 

reservoir  contents 

and  releases  from  Mountain  Creek  Reservoir 

• 
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TAEI^  12  (Cont’d) 


FLOOD 

DATA 

: Peak 

: Date 

: Flood  volume 

Date  of  flood 

: discharge 

: of 

: passing 

Gage 

: (cfs) 

: peak 

: (acre -feet)  : 

( inches 

ELM  FORK  AT 

CARROLLTON  - 

D.  A.  = 2,457  SQ.  MI. 

December  9-20,  1913 

76,000 

Dec  l4 

289,900 

2.21 

May  12-26,  1935 

82,100(1) 

May  19 

466,900 

3.56 

June  6 -July  1,  1941 

76,400(1) 

J\m  12 

561,900 

4.29 

April  18-May  17,  1942 

90,700(1) 

Apr  26 

796,300 

6.08 

March  27 -April  10,  I945 

18,000(1) 

Apr  4 

248,200 

1.89 

May  28- June  I9,  19^6 

42,800(1) 

Jun  2 

410,300 

3.13 

April  18-August  31^  1957 

13,700(1&2)  Jun  5 

1,163,200 

8.88 

April  13-June  11,  1958 

7,720(l&2)  Apr  27 

365,850 

2.79 

(1 ) Flows  regulated  by  Lake  Dallas  from  February  1928  to  November 
195^^  Garza-Little  Elm  since  195^  and  Grapevine  Reservoir  since 
July  1952. 

(2)  Peak  discharge  estimated  at  l6k,100  and  121,300  second-feet  in 
1957  and  1958  without  existing  Corps  of  Engineers  reservoirs  in 
operation. 


EAST  FORK  NEAR 

ROCKWALL  - : 

D.  A.  = 

840  SQ.  MI. 

June  15-20,  1935 

64,800 

Jun  16 

173,000 

3.86 

February  17-25,  I938 

57,600 

Feb  18 

181,500 

4.05 

April  19-29,  1942 

80,000(l&2) 

Apr  20 

259,600 

5.80 

May  1-5,  1944 

28,500 

May  3 

102,000 

2.28 

February  20-25,  1945 

42,800 

Feb  22 

105 , 300 

2.35 

May  29 -June  5,  1946 

43,600 

May  31 

204,200 

‘*.56 

April  19-June  24,  1957 

43,000(2&3) 

May  27 

720,200(4) 

16.08 

April  30-May  5.-  1958 

6,000(3) 

May  2 

241,600(4) 

5.40 

{l"5  Estimated  by  Corps  of  Engineers. 

(2)  Affected  by  major  levee  breaks. 

(3)  Observed  flows  modified  by  Lavon  Reservoir.  Estimated  peak 
discharges  without  Lavon  Reservoir  in  operation  would  be  9^,600 
and  31  .'800  second-feet  for  the  1957  and  1958  flood,  respectively. 

(4)  Inflow  computed  at  Lavon  Reservoir. 
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TABLE  12  (Cont'd) 


FLOOD  DATA  I 


Date  of  flood  : 

Peak 

discharge 

(pi's) 

: Date 

of 

: peak 

Flood  volume 
passing  gage 
(acre -feet)  : (inches 

CHAMBERS  CREEK 

NEAR  C0RSICAI^IA  - D.  A.= 

971  SQ.  MI. 

1913 

54,000 

Dec  - 

(1) 

(1) 

November  23-30>  19^0 

25,400 

Nov  24 

121,800 

2.35 

April  20-30,  1942 

37,400 

Apr  26 

243,000 

4,69 

April  30-MS’y  6,  1944 

48,000 

May  3 

191,200 

3.69 

March  29 -April  8,  1945 

32,900 

Mar  31 

203,000 

3.92 

April  19-May  30,  1957 

23,200 

May  24 

444,600 

8.59 

April  29-May  10,  1958 

38,200 

May  3 

252,300 

4.87 

(l ) Data  not  available. 


RICHLAND  CREEK 

NEAR  RICHLAND  - D.  A. 

= 737  SQ.  MI. 

1913 

85,000 

Dec  - 

(1) 

(1) 

Nov.  23 -Dec.  8,  1940 

43,000 

Nov  24 

176,400 

4.49 

April  20-May  4,  1942 

39,600 

Apr  26 

140,200 

3-57 

April  29 -May  10,  1944 

55,000 

May  2 

196,700 

5.00 

March  29 -April  7,  1945 

55,000 

Mar  31 

163,100 

4.15 

May  11-17,  1948 

58,900 

May  12 

134,700 

3-43 

May  12-21,  1953 

29,500 

May  13 

187,A00 

4.77 

April  19-May  10,  1957 

44,600 

Apr  21 

431,500 

10.98 

April  30-May  6,  1958 

33,400 

May  3 

168,600 

4.29 

(1 ) Data  not  available. 
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WATER  RESOURCE  REQUIREMENTS 

49.  GENERAL.-  Data  relative  to  present  and  prospective 
municipal  and  industrial  water  requirements  and  water  quality 
control  used  in  this  section  were  taken  from  the  report,  "Water 
Resources  Study,  Trinity  River  Basin  - Texas,"  prepared  by  the 
Department  of  Health,  Education  and  Welfare  and  presented  as 
exhibit  1 in  this  appendix. 

50.  SURFACE  AND  GROUND  WATER  USE  IN  1958.-  The  total  water  . 
use  in  1958  for  municipal,  industrial,  and  irrigation  purposes  was 
about  272.3  million  gallons  per  day,  of  which  about  200  million 
gallons  per  day  were  supplied  from  surface  water  sources  and  about 
72.3  million  gallons  per  day  were  supplied  from  ground  water  sources. 
In  addition,  it  is  estimated  that  in  1958,  the  adjoining  coastal 
area  to  the  lower  Trinity  River  Basin  used  about  0.4  million  gallons 
per  day  for  municipal  purposes,  all  of  which  was  supplied  from 
ground  water  sources.  Also  in  1958,  this  area  is  estimated  to  have 
used  over  107-8  million  gallons  per  day  for  irrigation,  of  which 
about  106.1  million  gallons  per  day  were  from  surface  water  sources 
and  about  1.7  million  gallons  per  day  were  from  ground  water  sources. 
The  municipal,  industrial,  eind  irrigation  water  uses  during 

1958  in  the  Trinity  River  Basin  and  adjoining  coastal  areas  are 
summarized  in  table  13* 


H-53 


TABLE  13 


51.  RETURN  FLOWS  IN  1958--  Available  measurements  indicate  that 
sewage  return  flows  varying  between  68  and  73  gallons  per  capita  daily 
have  been  experienced  at  Fort  Worth  in  recent  years.  Records  of 
sewage  measurements  at  Dallas  indicate  that  repent  rates  of  return 
sewage  flows  varied  between  about  7^  and  80  gallons  per  capita  daily. 

The  lower  rate  was  experienced  during  the  1952-1953  water  year  when 
water  use  was  somewhat  restricted  because  of  the  drought.  Although 
there  are  monthly  variations  in  return  flow,  in  general  the  differences 
are  not  great  and  a seasonal  variation  is  not  clearly  indicated. 

52.  SURFACE  WATER  QUALITY  IN  1958.-  Tiie  quality  of  surface  water 
in  the  Trinity  River  and  its  tributaries  ranges  from  "very  good"  to 
"questionable"  with  concentrations  of  mineral  solids  vacrylng  from  100 

to  1,000  parts  per  million.  However,  concentrations  in  excess  of  500  ppm 
have  been  reported  in  only  a few  Instances,  The  only  high  concentration 
of  mineral  solids  are  found  in  the  lower  Lo  miles  of  the  river  and  resul 
from  salt  water  intrusion  from  Trinity  Bay. 

53.  Organic  solid  concentrations  present  the  most  serious  problem 
of  surface  water  quality,  with  conditions  of  maximum  oxygen  depletion 
existing  downstream  from  the  Daillas-Fort  Worth  metropolitan  area-  In 
the  reach  of  the  river  from  Fort  Worth  to  Rosser,  oxidation  of  organic 
matter  is  retarded  and  septic  conditions  and  offensive  odors  are 
usually  present.  The  water  is  turbid  and  discolored,  sludge  banks  maj' 
be  observed  at  many  locations  and  there  is  insufficient  oxygen  for 
fishlife  to  propagate. 

5^.  Downstream  from  Rosser  a steady  improvement  in  quality  talces 
place  because  of  dilution  by  good  quality  water  discharged  by  tributaries., 
The  organic  problems  have  almost  completely  disappeared  at  a point  near 
the  San  Jacinto-Liberty  County  line,  about  river  mile  100. 

55.  GROUND  WATER  QUALITY  IN  1958, - The  quality  of  water  produced 
from  aquifers  underlying  the  Trinity  River  Basin  ranges  from  "very  good" 
to  "unsatisfactory"  as  indicated  by  mineral  solids,  which  vary  from 
150  to  over  5,000  ppm,  with  the  predominating  number  of  wells  having 
solids  less  than  1,000  ppm.  Chlorides  range  from  a low  of  10  ppm  to 
a high  of  about  1,800  ppm  with  many  wells  showing  less  thai  1,000  ppm. 
Sulfates  are  present  in  quantities  ranging  from  a low  of  10  to  a high 
of  5,000  ppm.  Only  in  Dallas  County  do  the  concentrations  of  sulfates 
exceed  those  of  chlorides.  Hardness  is  moderate  throughout  the  entire 
basin,  ranging  between  10  and  3OG  PPm,  with  most  samples  containing 
less  than  100  ppm.  Of  significance  to  industries  is  the  presence  of 
silica  concentrations  ranging  from  12  to  50  ppm,  necessitating  higher 
treatment  costs  for  many  industrial  uses.  Water  from  a number  of  wells 
contains  sodium  concentrations  ranging  from  60  to  600  ppm  which  limits 
its  usefulness  for  irrigation.  Also,  of  significance  to  public  health 
is  the  presence  of  fluorides  in  some  areas  in  concentrations  greater 
than  the  suggested  maximum  (l.O  ppm). 
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56.  FUTURE  WATER  REQUIREMENTS. - Urban  and  industrial  areas  of 
the  Trinity  River  Basin  are  in  a period  of  rapid  economic  expansion 
at  a rate  of  almost  one  and  one -half  times  the  national  average. 

Dallas  and  Fort  Worth;,  the  second  and  fourth  largest  cities  in  the 
state,  have  become  leading  manufacturing  centers  in  the  nation, 
ranking  high  in  oiicraTt  and  electronics.  With  the  anticipated 
continued  increase  in  population  and  economic  growth  throughout  the 
basin  goes  the  need  for  maintenance  of  adequate  water  supply  facilities 
and  development  of  the  surface  and  ground  water  resources  of  the  basin 
to  meet  future  demands. 

57.  Through  analysis  of  the  various  needs  and  purposes  of  water 
resource  development,  both  past  and  present,  as  related  to  the  economic 
activities  of  the  Trinity  River  Basin,  broad  projections  to  the  years 
2020  and  2070  have  been  made,.  In  developing  the  requirements,  recogni- 
tion has  been  given  to  the  efforts  of  a number  of  federal,  state,  and 
local  agencies  charged  with  the  responsibility  of  development  of  the 
water  resources  of  this  basin.  The  requirements  to  meet  the  projected 
demands  are  divided  into  the  general  categories  of  navigation,  municipal 
and  industrial,  agricultural,  water  quality,  and  recreation.  The 
specific  requirements  of  the  Trinity  Fiver  Basin  are  discussed  in 
subsequent  paragraphs. 

58.  WATER  REQUIREMENT  FOR  NAVIGATION.-  The  operation  of  navigation 
on  the  multiple  purpose  canalized  Trinity  River  would  necessitate  supplying, 
water  at  the  head  of  navigation,  or  along  the  waterway,  to  meet  the 
following  uses  arid  losses. 

a.  For  the  lockage  of  floating  craft. 

b.  To  replenish  the  pools  for  the  following  losses: 

(1  ) Leakage  through  structures. 

(2)  Seepage  under  and  around  structures. 

Accidents  and  operating  contingencies. 

(U)  Evaporation  in  locks  and  pools. 

The  total  water  requirements  for  operation  of  navigation  at  each  lock 
on  the  canalized  multi pie -purpose  channel  to  Fort  Worth  for  the  years 
of  19'^0  and  2020  were  estimated.  The  following  tabulation  presents 
the  estimated  water  requirements  based  on  projected  conditions  of 
basin  development  and  water  use  for  1970  and  2020  for  the  critical  locks. 
Plate  21  shows  the  water  requirements  for  the  1970  and  2020  conditions 
for  each  of  the  proposed  locks. 


Location 

. Water 

requirements 

Lock  No. 

: ( channel 

; for  n avl  gat  ion  ( c f s ') 

mile  ) 

■ 1970 

t 2020 

21  (1) 

360.17 

114.2 

144.1 

19 

342.51 

114.8 

145.9 

15 

306.31 

197-3 

269-5 

13 

266.64 

260.3 

356.0 

7 

183.92 

227.8 

369.2 

6 

147.92 

104,6 

483-7 

5A 

96.00 

303-5 

519.9 

59"  MUKICIPAL  AND  INDUSTRIAL , - The  municipal  and  industrial 
water  requirement  projections  for  the  years  2C20  and  207O  have  been 
determined  by  the  Public  Health  Service  U*  S.  Dept,  of  Healtn, 

Education  and  Welfare.  Their  report  containing  a detailed  analysis  of 
water  needs  for  the  study  area  comprising  46  counties  in  and  surrounding 
the  Trinity  River  Basin,  as  based  on  past  and  present  uses  and  economic 
trends  is  presented  as  exhibit  1.  in  this  appendix.  The  Public  Health 
Service's  projected  municipal  and  industrial  demands  are  2,080.0  million 
gallons  per  day  for  the  year  2020  and  3." 918.0  million  gallons  per  day 
for  the  year  2070. 

60.  The  above  requirements  are  established  for  the  Trinity  Fiver 
Basin  only.  In  addition,  in  order  to  satisfy  the  terms  of  the  Texas 
Water  Commission  permits  Issued  to  the  Trinitv  River  Authoritv  and  the 
city  of  Houston,  839"5  million  gallons  of  water  dally  would  be  required 
for  diversion  from  the  Trinity  Plvei  by  the  city  of  Houston  for 
municipal  and  industrial  uses  m the  San  Jacinto  River  Basin, 

61.  AGRICUhTdRAL-,  - Surface  water  irrigation  in  the  basin  is 
concentrated  largely  in  Liberty,  Chairhers,  and  Jefferson  Counties 
where  water  is  diverted  from  the  Trinity  River  for  rice  production. 

Based  on  results  of  a joint  iaiid  das'll  fl  cat  ion  survey  by  the  Pijreau 
of  Reclamation  and  the  Soil  Conser'ration  Service,  it  is  estimated  that 
future  rice  irrigation  in  this  area  from  water  cf  the  Trinity  River 
will  not  exceed  approximately  80.000  acres,  the  record  year  in  the 
19^0-1959  period.  In  addition  to  this  area  in  the  lever  basin,  there 
are  about  42,000  acres  between  Dallas  and  the  Tennessee  Colony  Reservoir 
site  and  49,000  acres  between  that  site  and  Livingston  Reservoir  that 
are  suitable  for  sustained  permanent  irrigation.  These  lands  occur 

in  small  scattered  tracts  along  the  Trinity  River.  The  Pivblic  Health 
Service  has  determined  that  these  areas  will  require  for  irrigation 
use  approximately  35^  million  gallons  per  day  by  the  year  2020. 
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62-  WATER  QL'ALJTif  - Efficient  development  of  all  of  the  water 
resources  of  the  Trinity  River  Basin  is  essential  to  the  continued 
growth  of  the  area  lo  attain  full  utilization  of  these  resources  for 
municipal.,  industrial,  agricultural,  navigation,  arid  recreation  purposes 
will  require  abatement  of  the  present  pollution  in  the  upper  basin  as 
well  as  control  of  future  pollution  throughout  the  area.  Therefore, 
provision  of  water  to  maintain  minimum  quality  conditions  in  the  river 
must  be  made  a part  of  the  water  supply  plan  until  such  time  as  future 
advances  in  waste  treatment  technology  can  economically  provide  for 
removal  of  residual  pollutants  before  they  reach  the  stream.  The 
water  supply  plan  for  quality  control  purposes  in  the  Trinity  River 
Basin  would  come  from  excess  dependable  yields  for  municipal  and 
industrial  purposes  in  federal  reservoirs,  both  existing  and  proposed, 
during  the  intervening  period  between  construction  and  full  utilization 
of  the  dependable  yields  for  municipal  and  industrial  purposes.  Indica- 
tions are  that  sufficient  v/ater  resources  are  available  in  the  basin 

to  satisfy  projected  primary  water  and  water  quality  control  demands 
although  water  would  have  to  be  pumped  a considerable  distance  up  to 
the  point  of  demand  (Fort  Worth ^ from  the  downstrear  reservoirs. 

63-  RECREATION,  FISH  ANE  WILDLD'E  - The  leind  areas  adjacent  to 
water  developed  projects  located  in  the  upper  reach  (Dallas-Fort  Worth 
area)  of  the  Trinity  River  Basin  are  sufficient  at  the  present  time 

to  accommodate  the  number  of  people  seeking  v;ater-related  recreation 
activities.  However,  on  the  basis  of  the  projected  population  for 
this  vicinity,  there  will  develop  a substar'tral  need  for  additional 
facilities.  The  number  of  water  developed  projects  in  the  Trinity 
River  Basin  below  the  Dallas-Fort  .■Jorth  area  are  very  limited,  and 
there  are  needs  for  additional  projects  to  serve  the  number  of  people 
desiring  to  participate  in  water-related  recreation  activities.  The 
proposed  projects  , when  constructed,  will  assist  materially  in  satisfying 
these  needs  and  demands. 

6k.  The  tlaal  waters  in  the  Gulf  of  Mexico  and  other  bays  also 
attract  many  visitors  seeking  water -related  recreation  activities. 
However,  some  of  these  individuaus  will  alternate  their  water-related 
recreation  activiiies  between  the  tiia-.  water  ar.'d  fresh  water  when 
fresh  water  impoundments  are  available  and  the  travel  distance  is  not 
too  great. 


65.  Construction  arid  operation  of  reservoirs  in  tne  comprehensive 
plan  of  improvement  for  the  Trinity  River  Basin  would  result  in  the 
creation  of  producti’''e  fish  habitat  in  the  reccminended  Lakeview, 
Tennessee  Colony,  and  other  reservoirs  in  the  system,  and  llarnisli 
attractive  fishing  in  the  mud t ip_ie -purpose  channed  and  cutoff  sections 
of  tne  Trinity  River.  On  the  other  hand  , big  game  and  upland  game 
habitat  and  hunting  will  be  reduced.  Also  . the  reduced  water  inflow 
into  estuaries  associated  with  the  Trinity  River  will  cause  loss  of 
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a highly  valuable  portion  of  marine  fishing  in  the  Galveston  Bay  system. 
The  Fish  and  Wildlife  Service  estimate  that  a fresh  water  discharge  of 
2,000  second-feet  into  Trinity  Bay  during  the  period  from  March  through 
October  would  be  required  to  retain  the  estuarine  fisheries. 
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FLOOD  PROBLEf^ 


66.  GENERAL.-  Flooding  is  one  of  the  principal  problems  in 
the  Trinity  River  Basin.  Throughout  the  basin,  the  streams  are 
meandering  and  in  general  have  small  channel  capacities  in  proportion 
to  the  areas  drained.  Consequently,  floods  are  experienced  at 
frequent  intervals  throughout  practically  the  entire  river  system. 

67.  PAST  FLOODS.-  According  to  historical  information,  major 
floods  occurred  in  the  vicinity  of  Dallas  and  Fort  Worth  in  I866, 

1884,  and  1889;  however,  little  detailed  infoimiation  is  available  on 
those  floods  outside  the  Dallas -Fort  Worth  area.  Data  concerning  the 
major  basin  storms  and  the  resulting  floods  have  been  presented 
previously  in  this  appendix  (paragraphs  34  through  46). 

68.  EXISTING  FLOOD-CONTROL  PROJECTS.-  Local  interests  have  taken 
some  steps  toward  solving  the  flood  problem  in  localized  areas  within 
the  basin,  principally  by  construction  of  levees  and  floodway  improve- 
ments (see  paragraph  11 ).  In  recent  years,  the  Federal  Government 

has  provided  betterments  to  some  of  the  locally  constructed  improve- 
ments and  has  constructed  additional  flood-control  works  which  have 
materially  increased  the  protection  from  floods  (see  paragraphs  8 and  9)- 
The  flood-control  work  to  date  has  been  primarily  in  the  portion  of  the 
basin  upstream  from  Richland  Creek,  the  area  in  which  the  most  extensive 
concentrations  of  urban  and  agricultural  developments  in  the  Trinity 
River  Basin  are  located.  These  projects  have  served  to  control  flood 
runoff  and  reduce  flood  discharges  from  an  area  on  which  the  most 
damaging  floods  of  record  in  the  basin  have  been  generated.  Major 
floods  have  on  occasion  been  generated  in  the  basin  area  below  the 
confluence  of  Richland  Creek  End  the  main  stem  of  the  Trinity  River, 
but  records  show  that  the  magnitude  of  such  floods  has  not  been  as 
great  as  those  which  originate  upstream.  Runoff  from  the  lower  basin, 
however,  augmented  by  that  from  the  upper  basin,  results  in  an  increase 
in  volume  and  duration  of  flood  flows  as  they  progress  downstream. 
Existing  flood-control  works  afford  a high  degree  of  protection  to 
some  areas  of  the  basin  from  damages  which  would  result  from  the 
recurrence  of  floods  equal  in  magnitude  to  those  of  record.  The 
effectiveness  of  those  works  was  demonstrated  during  the  1957  flood 
in  the  upper  reaches  of  the  basin  during  which  the  operation  of  the 
existing  flood-control  projects  is  credited  with  prevention  of 
widespread  damages. 

69.  Local  soil  conservation  districts,  with  the  assistance  of 
the  Soil  Conservation  Service,  have  instituted  eind  now  have  in  progress 
an  accelerated  land  treatment  program.  Approximately  28  percent  of 
the  agricultural  land  of  the  basin  is  adequately  treated  at  this  time, 
and  another  10  percent  is  partially  treated,  lacking  one  or  more 


11-60 


practices.  In  addition  to,  and  supplementing  this  program, 
construction  of  floodwater  retarding  structures  in  the  creek  water- 
sheds will  serve  to  reduce  flash  runoff  and  sediment  production. 

However,  uncontrolled  releases  from  these  str’uctures  will  occupy 
downstream  channels  for  prolonged  periods  and  thus  limit  controlled 
releases  from  other  reservoirs. 

70.  CRITICAL  AREAS.-  Extensive  urban  development,  which  has 
taken  place  in  the  lowland  eireas  adjacent  to  the  Trinity  River  and  its 
tributaries,  was  accelerated  by  the  prolonged  drought  of  1950-1957 
and  an  erroneous  impression  as  to  the  degree  of  protection  afforded  by 
the  upstream  projects  built  during  and  subsequent  to  the  drought 
period.  Damages  which  were  experienced  during  the  1957  flood  clearly 
emphasized  the  need  for  additional  flood-control  works  for  the  protection 
of  these  newly-developed  areas,  as  well  as  other  portions  of  the  basin 
which  were  not  previously  afforded  adequate  protection.  Critical  urban 
areas  requiring  additional  flood  protection  are  on  the  West  Fork  between 
Fort  Worth  and  Dallas,  the  Elm  Fork  between  Dallas  and  Carrollton,  the 
Trinity  River  immediately  below  Dallas  and  at  Liberty,  and 'Duck  Creek 

at  Garland.  Extensive  damages  are  also  sustained  in  agricultural  areas 
along  the  main  stem  of  the  Trinity  River  below  Dallas  and  on  uhe  Elm 
Fork  watershed  between  Carrollton  and  the  Garza-Little  Elm  and 
Grapevine  Reservoirs. 

71.  CHANNEL  DEFICIENCY.-  Floods  experienced  subsequent  to  the 
completion  of  the  Corps  of  Engineers  reservoir  projects  in  the  upper 
Trinity  River  Basin  revealed  that  the  problem  of  inadequate  channel 
capacity  exists  on  the  Trinity  River  and  tributaries.  The  problem 

of  insufficient  channel  capacities  was  particularly  evident  during  the 
April -June  1957  flood,  when  the  Trinity  River  Basin  experienced  heavy 
rainfall  almost  daily.  Recent  encroachments,  together  with  certain 
channel  deficiencies  that  previously  existed,  have  limited  flood-control 
releases  from  existing  upstream  reservoirs  to  such  an  extent  as  to 
materially  reduce  their  effectiveness  for  providing  flood  protection. 
Therefore,  in  order  to  provide  an  effective  plan  for  flood  control  in 
the  basin,  channels  should  be  of  sufficient  capacity  to  provide  a 
reasonable  degree  of  protection  against  floods  originating  on  the 
uncontrolled  area  below  upstream  reservoirs.  As  a further  requirement, 
channels  should  be  of  sufficient  capacity  to  permit  passage  of 
uncontrolled  releases  from  downstream  reservoirs  together  with 
regulated  flood  releases  from  Corps  of  Engineers  reservoirs  at  rates 
of  sufficient  magnitude  to  permit  evacuation  of  stored  floodwaters  in 
a reasonable  period  of  time  after  downstream  flooding  has  ceased. 
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PLAN  OF  IMPROVEMENT 


r 


72.  GENERAL.-  The  projects  considered  for  addition  to  the 
authorized  plan  of  improvement  for  the  Trinity  River  Basin  as  set  forth 
in  Appendix  1,  Project  Formulation,  consists  of  the  following  principal 
features : 

a.  A multiple -purpose  channel  extending  from  the  Houston 
Ship  Channel  in  Galveston  Bay  to  Fort  Worth  and  including  23  navigation 
locks  and  I8  navigation  dams; 

b.  ten  multiple -purpose  reservoir  projects; 

c.  twelve  reservoir  projects  primarily  for  water  conservation; 

d.  one  reservoir  primarily  for  flood  control;  and 

e.  eleven  local  flood  protection  projects. 

Existing  and  authorized  projects  and  the  projects  considered  for 
addition  to  the  authorized  plan  for  the  Trinity  River  Basin  are  listed 
in  table  lU  and  are  shown  on  plate  13- 
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73"  WATER  SUPPLY.-  'Phe  projected  water  supply  requirements  for 
the  Trinity  River  Basin  to  satisfy  the  needs  for  municipal,  industrial, 
non -municipal  use,  water  quality  control,  navigation,  irrigation,  and 
exportations  have  been  estimated  to  be  3j^33  million  gallons  per  day  by 
year  2020  and  5,187  million  gallons  per  day  by  year  2070,  as  shown  in 
the  following  tabulation: 


WATER  REQUIREMENTS 
■'Million  Gallons  Per  Day) 


Municipal 

Non-  ; 

Water  : 

Sub -Basin: 

and 

Muni-: 

quality: 

Navi-  : 

Irri-  : 

Exports 

Total 

Industrial 

cipal : 

control  : 

gat ion: 

gat ion: 

Year  2 12C 

Upper 

1>513(1) 

15 

80(2' 

0 

69 

0 

1,677 

Middle 

227 

3 

0 

0 

65 

0 

295 

Lower 

Toteil 

340 

2’,080 

2 

20 

0 

80 

‘^7 

57 

222 

31 

o|o 

1,461 

37^ 

Year  'OJC. 

Upper 

2,797 

11 

0 

69 

0 

2,877 

Middle 

435 

4 

0 

C 

65 

0 

504 

Lower 

686 

1 

0 

222 

840 

1,806 

Total 

3,918  . 

0 

57 

35^ 

m 

5,187 

(l  j Includes  40  MOD  yield  from  Aubrey  Reser'^oir  for  interim  use  as  water 
quality  control. 


(2)  80  MOD  for  water  quality  conti-oi  would  ts  converted  to 

water  supply  as  the  need  develops. 

74.  The  existing,  under  construction,  end  authorized  reservoirs 
with  storage  for  water  supply  for  municipal  and  Industrial  purposes 
together  with  the  importations  would  produce  a water  supply  of  1,343-4 
million  gallons  per  daj'.  The  Roanoke  (including  modification  of  Grape- 
vine Reservoir),  Aubrey  (including  modification  of  Garza-Little  Elm 
Reseinrolr),  Lakeview,  and  Tennessee  Colony  multiple-purpose  reservoir 
projects  which  are  recommended  for  authorl zatica  in  this  report  plus  the 
previously  recommended  enlargement  of  Lavon  Reservoir  would  produce  a 
water  s'upply  of  453-1  million  gallons  per  day.  Thirteen  additional 
potential  reservoir  projects  have  been  recommended  for  inclusion  in  the 
long-range  pi-an  of  development  for  the  Trinity  River  Basin  primarily  in 
the  interest  of  water  supply.  These  reservoirs  were  formulated  on  the 
basts  of  developing  the  surface  water  resources  of  the  Trinity  River 
Basin  to  the  maximum  practical  extent.  The  construction  of  the  long- 
er i-'e  projects  has  been  considered  a.s  a phase  development  which  would  be 
I -o-  inated  with  the  needs  ^f  the  basin  in  such  a manner  as  to  permit 


timely  construction  to  provide  additional  water  supply  as  the  needs 
develop.  The  thirteen  potential  reservoirs  would  produce  a water 
supply  of  680. million  gallons  per  day.  The  system  of  reservoirs 
included  in  the  comprehens-' vf>  plan  together  with  importations  would 
furnish  a water  supply  of  2, ^^76 -9  million  gallons  per  day  as 
summarized  below: 


Water  supply 

Reservoirs (Million  gallons  per  day) 


Existing,  Under  Construction,  Authorized  l,l63.^ 

Importations  I8O.O 

Previously  recommended  for  authorization  42.7 

Recommended  for  authorization  in  this  report  410.4 

Sub-total  1,796.5 

Potential  long-range  projects  680.4 

Total  2,476.9 


75-  Water  supply  from  reservoirs  which  are  existing,  under 
construction,  authorized,  and  recommended  for  authorization  in  this 
report  together  with  a nominal  use  of  ground  water  and  return  flow 
would  satisfy  the  projected  demands  in  ail  segments  of  the  basin  until 
about  2000  to  2010.  An  additional  supply  of  approximately  l640  and 
3390  million  gallons  per  day  would  be  required  to  satisfy  the  projected 
water  requirements  for  years  2020  and  2070  respectively.  An  analysis 
of  the  available  water  supply  in  the  basin  from  additional  reservoirs 
in  the  long-range  plan,  ground  water  an.d  return  flow  revealed  that 
the  potential  of  these  resources  may  be  sufficiently  developed  to 
satisfy  the  additional  requirements  of  the  basin  to  year  2070. 
Unquestionably  the  expansion  of  ground  water  use  beyond  the  present 
72  million  gallons  per  day  and  the  use  of  return  flows  will  progress- 
ively increase  throughout  the  projected  period  of  basin  development. 
Other  than  to  conclusively  establish  the  fact  that  ultimate  water 
requirements  will  necessitate  the  maxiraom  practical  development  of 
these  two  resources  to  meet  in-basin  demands,  no  definitive  basis  is 
available  to  predict  just  when  these  resources  would  be  scheduled 
into  the  overall  development.  Alternate  resources  of  supply  from 
adjacent  basins  to  the  north  and  east  could  be  imported  if  in  the 
future  local  interests  decided  to  utilize  such  resources  rather  than 
to  use  additional  ground  water  or  return  flow.  Generally,  the  develop- 
ment and  use  of  these  water  resources  will  progress  in  consonance  with 
the  changing  economic  conditions  and  areal  development  of  the  basin 
and  with  the  distribution,  availability  and  quality  of  these  water 
resources. 
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76.  Development  of  the  Lakeview  Reser-volr  project  would  afford  a 
source  of  water  supply  to  satisfy  the  Immediate  needs  of  local  interests. 
The  water  supply  of  291  million  gallons  per  day  from  the  Tennessee  Colony 
Reservoir  would  serve  a dual  purpose  - initially  80  million  gallons 
would  be  used  for  water  quality  control  in  the  upper  basin  and  the 
remainder  would  be  available  as  a source  of  municipal  and  industrial 
water  supply  for  the  middle  basin.  At  about  year  2020,  as  the  need  for 
municipal  and  industrial  water  supply  increases  in  the  upper  basin,  a 
transfer  would  be  effected  in  the  area  of  use  for  the  remaining  211  million 
gallons  per  day  of  the  Tennessee  Colony  water  supply.  It  is  anticipated 
that  construction  of  the  eight  long-range  resexnrolr  projects  in  the 
middle  basin  would  be  phased  with  the  gradual  transfer  of  the  Tennessee 
Colony  water  supply  with  construction  of  certain  projects  starting 
around  the  turn  of  the  century  so  that  the  demands  of  the  middle  basin 
may  continue  to  be  fully  satisfied.  Initially  the  water  supply  from  the 
Aubrey  Reservoir  would  be  used  in  the  interest  of  water  quality  control. 
However,  as  the  need  for  municipal  and  industrial  water  supply  develops, 
a conversion  from  water  quality  control  to  water  supply  for  municipal 
and  industrial  use  would  be  made.  There  is  no  immediate  demend  for  the 
additional  water  supply  provided  by  the  Roanoke  Reservoir;  however,  it 
is  considered  that  preservation  of  this  project  by  acquisition  of  the 
land  required  at  this  time  is  desirable  and  economically  justified. 

The  actual  project  would  not  be  constriucted  until  the  needs  for  the 
storage  developed.  The  13  potential  projects  included  in  the  long-range 
plan  to  satisfy  future  requirements  woiuld  be  considered  for  authorization 
after  detailed  investigations  to  determine  the  full  scope  and  purposes 
that  would  be  justified  at  that  time. 

77*  NAVIGATION  WATER  SUPPLY.-  The  net  water  requirements  for 
navigation  based  on  evaporation  and  other  losses  through  the  lowest" 
lock  at  Wallisville  Reservoir  would  be  95*7  ^d  88.2  second-feet  in  the 
years  1970  and  2020,  respectively.  However,  in  order  for  the  system  to 
become  operational,  it  will  require  a supply  of  water  at  the  head  of 
navigation  of  114.2  second-feet  in  19’^0.  For  plarming  purposes  in 
connection  with  this  study,  the  Public  Health  Service  was  requested  t-i 
make  an  sinalysis  of  the  future  net  return  flows  in  the  Trinity  River  for 
the  years  1970  and  2020.  The  studies  made  by  the  Public  Health  Service 
were  premised  (at  the  request  of  the  Corps)  on  the  conditions  that  the 
proposed  modified  plan  for  the  Trinity  River  would  be  considered  as 
operational  by  the  year  1970  and  that  return  flows  would  be  considered 
as  the  only  available  source  of  supply  without  allowances  for  any 
local  runoff  from  the  uncontrolled  drainage  areas.  The  Public  Health 
Service  took  into  account  the  projected  conditions  of  basin  development 
and  water  use  expected  for  the  years  19'^0  and  2020.  The  following 
tabxilation  presents  the  navigation  water  requirements  as  estimated  by 
the  Corps  and  net  available  return  flows  based  upon  the  Public  Health 
Service  studies  for  the  1970  and  2020  conditions  at  the  criticeil  locks. 
Plate  21  shows  the  water  requirements  and  return  flows  for  the  1970 
and  2020  conditions  at  each  of  the  proposed  locks. 
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PLATE  21 


n-6 

6 

L 

Lock  : 
Number : 

Lock 
location 
( channel 
mile ) 

1970  conditions 

: 2020  conditions 

Require- 

ment 

(cfs) 

1 Supply  (cfs) 
:Retum  :Reservoir  : 
:flow(l ): releases (2): 

Total 

: Re  quire-:  Return 
: ment  : flow 

.:(cfs)(3):(cfs)(D 

21(4) 

360.17 

114.2 

97  ' 

17.8 

114.8 

144.1 

229 

19 

342.51 

114.8 

97 

17.8 

114.8 

145.9 

229 

15 

306.31 

197.3 

226 

22.3 

248.3 

269.5 

510 

13 

286.64 

260.3 

238 

22.3 

260.3 

356.0 

479 

7 

183.92 

227.8 

259 

14.5 

273.5 

369.2 

444 

6 

147.92 

104.6 

264 

14.5 

278.5 

483.7 

486 

5A 

98.00 

303.5 

289 

14.5 

303.5 

519.9 

539 

(1)  Based  on  data  furnished  by  Public  Health  Service,  Region  VII, 
Department  of  Health,  Education  and  Welfare. 

(2)  Releases  from  the  navigation  storages  of  Benbrook  and  Grapevine 
Reservoirs  would  be  made  at  such  rates  as  would  be  necessary  to 
meet  the  requirements. 

(3)  Waterway  will  reach  its  full  traffic  capacity  by  the  year  2015 . 

(it)  Lock  and  Dam  No.  21  forms  the  uppermost  pool  at  the  head  of 
navigation. 


78.  The  data  presented  in  the  preceding  tabulation  reveal 
that  in  the  year  2020,  return  flows  would  be  sufficient  to  meet 
the  navigation  requirements,  but  that  in  1970  there  would  be  several 
critical  areas  where  the  water  supply  from  return  flow  alone  would  not 
quite  satisfy  the  requirements.  However,  it  is  estimated  that  the  return 
flows  would  furnish  sufficient  water  to  meet  the  navigation  require- 
ments by  the  year  1973*  In  the  interim  (1970-1 973 ).•>  return  flows  and 
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local  ninoff  from  the  uncontrolled  areas  would  be  supplemented  by 
releases  from  the  navigation  storages  of  Benbrook  and  Grapevine 
Reservoirs  at  such  rates  as  would  be  necessary  to  meet  the  require- 
ments at  the  critical  locks. 

79-  From  eui  overall  analysis  of  the  navigation  aspects  of  the 
Trinity  River  plan  with  respect  to  the  water  requirements  and  available 
sources  of  supply  to  satisfy  these  requirements,  it  is  concluded  that 
sufficient  water  resources  are  available  to  permit  navigation  on  the 
Trinity  River  to  Fort  Worth  by  year  1970. 

80.  WATER  QUALITY. - 

a.  Ground  Water.-  The  quality  of  water  of  the  aquifers 
underlying  the  Trinity  River  Basin  will  not  change  materially  if 
reasonable  steps  are  taken  to  avoid  contamination.  Disposition  of 
liquid  wastes  by  means  of  sub-surface  injection  wells  and  in  surface 
ponds  or  lagoons,  and  the  abandonment  of  oil  wells  should  be  closely 
supervised  and  suitable  regulations  enforced  to  insure  the  provision 
of  adequate  facilities  and  suitable  operations.  In  the  area  bordering 
the  coast,  saltwater  encroachment  is,  and  will  continue  to  be,  a hazard 
which  can  be  minimized  by  the  decrease  in  the  rate  of  withiirawal  from 
inland  wells. 


b.  Surface  Water.-  Abatement  of  the  present  pollution 
problem  on  the  West  Fork  and  Trinity  River  from  Fort  Worth  downstream 
to  Rosser  is  essential  to  attain  full  utilization  of  the  water  resources 
of  the  region  for  municipal,  industrial,  agricultural,  navigation,  and 
recreation  purposes.  Although  most  of  the  waste  treatment  plants  in 
the  area  discharging  into  the  Trinity  River  Basin  are  operating 
efficiently  within  their  design  capacities,  insufficient  tributary 
dilution  and  reaeration  cause  anaerobic  conditions  to  exist.  Therefore, 
provision  of  water  to  maintain  minimum  quality  conditions  in  the  river 
must  be  made  a part  of  the  water  supply  plan  until  such  time  as  future 
advances  in  waste  treatment  technology  can  economicallv  provide  for 
removal  of  residual  pollutants  before  they  reach  the  stream.  The  water 
supply  plan  for  quality  control  purposes  v/ould  be  to  utilize  excess 
dependable  yield  from  Tennessee  Colony  Reservoir  and  other  federal 
reservoirs  in  the  basin  until  such  time  as  these  yields  were  needed  to 
meet  the  requirements  for  municipal  and  industrial  purposes. 

81.  FULFILLMEOT  OF  FLOOD-CONTROL  REQUIREMENTS.-  The  recommended 
plan  of  improvement  for  the  Trinity  River  Basin  presented  in  paragraph  72 
would  provide  a high  degree  of  flood  protection  for  the  Trinity  River 
and  its  principal  tributaries.  The  system  of  major  multiple -purpose 
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I 


and  flood-control  reservoirs  in  the  plan  would  control  flood  flows  I 

from  approximately  l6  percent  of  the  area  above  Fort  Worth,  50  percent 

of  the  area  above  Dallas,  h'J  percent  of  the  area  above  Rosser,  and 

72  percent  of  the  area  above  Liberty.  The  local  protection  projects 

in  the  plan  would  provide  flood  protection  to  areas  in  the  flood  plains 

of  the  Clear  Fork,  West  Fork,  Elm  Fork,  and  Trinity  River  in  and 

adjacent  to  the  cities  of  Fort  Worth  and  Dallas,  to  areas  in  the  flood 

plain  of  Duck  Creek  at  Garland,  and  to  areas  in  the  flood  plain  of  the 

Trinity  River  at  Liberty.  The  recommended  multiple-purpose  channel 

would  provide  sufficient  channel  capacity  to  permit  passage  of  flood 

flows  from  the  uncontrolled  areas,  uncontrolled  releases  from  reservoirs 

downstream  from  Corps  of  Engineers  reservoirs,  and  regulated  flood  ' 

releases  from  Corps  of  Engineers  reservoirs  at  rates  of  sufficient  i 

magnitude  to  permit  evacuation  of  the  flood-control  storage  in  a j 

reasonable  period  of  time.  The  multiple -purpose  channel  would,  there-  | 

fore,  afford  some  degree  of  protection  against  floods  originating  on  j 

the  uncontrolled  area  below  the  upstream  reservoirs,  and  at  the  same 
time  increase  the  effectiveness  of  the  flood-control  storage  in  the 
upstream  reservoirs. 


i 
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RESmVOIRS 


contain  conservation  storage  and  have  individual  total  storage  capacities 
of  more  than  5,000  acre -feet  as  shown  in  tables  2 Eind  b.  Of  these  2h 
reservoirs,  6 are  Corps  of  Engineers  projects  and  l8  are  non -federal 
projects.  The  total  conservation  storage  contained  in  these  reservoirs 
is  4,191,350  acre-feet.  The  location  of  the  reservoirs  is  shown  on 
plate  13,  and  additional  Information  pertinent  to  the  reservoirs  is  given 
below.  There  Eire  also  79  reservoirs  in  the  basin  with  individual  total 
storage  capacities  of  less  than  5,000  acre-feet.  These  reservoirs  contain 
a toteil  of  about  4l,000  acre -feet  of  conservation  storage.  In  addition, 
there  are  about  66,500  farm  ponds  with  Ein  averEige  storage  capacity  of 
almost  2 acre -feet. 

83.  CORPS  OF  ENGINEERS  RESERVOIRS.-  The  6 Corps  of  Engineers 
reservoir  projects  mentioned  above  are:  the  Benbrook,  Grapevine,  Garza- 

Little  Elm,  and  Lavon  Reservoirs  which  Eire  in  operation;  the  Naveirro 
Mills  Reservoir  which  is  under  construction;  and  the  authorized  Bardwell 
Reservoir  which  is  in  the  preconstruction  planning  stage.  These  six 
reservoirs  contain  a total  of  852,450  acre -feet  of  conservation  storage, 
of  which  97>500  acre-feet  are  reserved  for  navigation  requirements. 
Pertinent  data  for  these  reservoirs  Eire  given  in  table  2. 

8^+.  NON -FEDERAL  RESERVOIRS.-  The  I8  non -federal  reseirvoirs  referred 
to  above  EO-e  as  follows:  Amon  Carter,  Bridgeport,  Eagle  Mountain,  Lake 

Worth,  Arlington,  Mountain  Creek,  Marine  Creek,  Weatherford,  North  Lake, 
White  Rock,  Lsike  Trinidad,  Livingston,  Lake  Anahuac,  Forney,  Lake  Terrell, 
Cedar  Creek,  Waxahachie,  and  Lake  HEilbert.  Of  these,  I5  are  in  operation 
and  3 - Livingston,  Forney,  and  Cedar  Creek  - are  under  construction. 

These  non-federal  reservoirs  contain  a total  of  3^338,900  acre-feet  of 
conservation  storage.  Pertinent  data  for  these  reservoirs  are  given  in 
table  4. 

85.  The  plan  of  improvement  for  the  Trinity  River  Basin  recommends 
construction  of  5 federal  reservoirs  at  this  time:  Lakeview  Reservoir 

on  Mountain  Creek;  Roiinoke  Reservoir  on  Denton  Creek;  Aubrey  Reservoir 
on  Elm  Fork  of  the  Trinity  River;  Tennessee  Colony  Reservoir  on  the 
Trinity  River;  and  the  previously  recommended  Wallisville  Reservoir 
on  the. Trinity  River.  Also  Included  in  the  recommended  plEin  of  improve- 
ment is  the  previously  recommended  enlai'gement  of  the  existing  Lavon 
Reservoir.  With  the  construction  of  Rosinoke  and  Aubrey  Reservoirs,  it 
is  proposed  to  reallocate  storages  in  the  existing  Grapevine  and  Garza- 
Little  Elm  Reservoirs  to  provide  additionsil  conservation  storage. 

Projects  included  in  the  plan  of  improvement  as  future  reservoirs  but 
not  recommended  at  this  time  are  Boyd,  RichlEind  Creek,  Tehuacana,  Upper 
Keechi,  Lower  Keechi,  Hurricane,  Bedias,  Harmons,  Gail,  Mustsing,  Caney, 
and  Long  King  Reservoirs.  Pertinent  data  for  reservoirs  recommended 
Eind  proposed  for  inclusion  in  the  long  range  plan  Eire  shown  in  tables  I5 
Eind  16  and  the  location  of  each  is  shown  on  plate  13* 
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RESERVOIRS  PROPOSED  BUT  NOT  RECOMMENDED  AT  THIS  TIME 


(T) These  reservoirs  will  also  be  considered  for  flood  control,  as  well  as  water  supply,  water  quality 
recreation  and  fish  and  wildlife  purposes,  when  the  needs  become  Imminent. 

(2)  Net  yield  from  conservation  storage  ^all  flows  except  flood  flows  assumed  as  passing  throu^  the 
reser-/olr). 

rrOTE:  Figures  shov/n  parenthetically  in  yield  column  are  2020  yields  in  million  gallons  daily. 


(^)  20i0  yields  i.n  million  *?allons  daily  as  T^jIIovs:  I..aKeview,  Roanoke,  0;  Grapevine,  ^1.0;  Aubrey,  7f*-0;  Garza-Liltle  Eln,  ro.3J  bavon  (erCarred) 

70.2;  and  Tennessee  Colony,  2’/3.8. 


86.  AREA  AND  CAPACITY  OF  THE  RESERVOIRS. - The  area  and  capacity 
of  the  reservoirs  were  determined  from  available  topographic  maps  of 
the  reservoir  sites.  Lake  Deillas,  a local  interest  water  supply 
project  inundated  by  Corps  of  Engineers  Garza-Little  Elm  Reservoir, 
was  resurveyed  in  1952  and  these  data  incorporated  in  the  determination 
of  the  area  and  capacity  of  Garza-Little  Elm  Reservoir.  The  Corps  of 
Engineers  resurveyed  Lavon,  Garza-Little  Elm,  and  Grapevine  Reservoirs 
in  1959 » i960,  and  I96I,  respectively.  The  results  of  the  resurvey  of 
Lavon  Reservoir  indicated  the  capacity  of  the  reservoir  in  1959  was 
essentially  the  same  as  the  original  area  and  capacity  tabulations. 

The  analysis  of  this  resurvey  on  the  other  two  reservoirs  has  not  been 
completed  at  this  time.  Tabulations  of  the  initial  area  and  capacity 
data  for  Benbrook,  Lakeview,  Roanoke,  Grapevine,  Aubrey,  Garza -Little 
Elm,  Lavon,  Bardwell,  Naveirro  Mills,  and  Tennessee  Colony  Reservoirs  are 
given  in  tables  IT  through  26. 
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AREA  AND  CAPACm  DATA  - HENBROOK  RESERVOIR 
RIVER  MILE  15.0  - CLEAR  FORK  TRINITY  RIVER 
Drainage  Area  = 433  sq.  mi. 
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AREA  AND  CAPACITY  DATA  - ROANOKE  RESERVOIR  SITE 
RIVER  MILE  32*0  - DENTON  CREEK 
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AREA  AND  CAPACITY  DATA  - TENNESSEE  COLONY  RESERVOIR  SITE 
RIVER  MILE  339-£-  - TRINITY  RIVER 


y7.  DETKRMI  NAT  lOf-  "•  Fi'L-EFVOif'  ]‘”>-!  CiWS--  Mo’itFiy  wptp 

estimated  at  existing  end  inv---st  1 gai*-ii  reservoir  iites  in  the  Trinity 
River  Basin  for  the  period  192U  tf,rc'iRh  Prellminarv  estim-it*: 

of  flows  were  generally  t'.-i'ed  on  't5-rv=i  flow-:  at  gagir.g  station':  in 
the  basin.  Inflows  to  t *-iri^r  '•c-ervoirs,  ■luring  their  period 

of  operation,  were  corrnu’el  frotr  the  observed  cnange  in  storage, 
releases,  and  evaporatior  at  the  res^-r  ■■  ji  r r . However,  since  tliS  l‘j_ow 
estimates  described  abov.-  reflect  the  varying  -degree  of  basin 
development  that  w-is  taking  p-a'e  throughout  the  1924  1957  period,  it 
was  necessary  to  adjust  these  estimate-^  in  order  to  reauce  all  flows 
throughout  the  period  to  the  basis  of  existing  '’l9^b.)  conlltlons  of 
basin  development.  Tbie  estimatei  monthly  and  ar.nual  flows  at  Benbrook, 
Grapevine.  Garz.a-Li  ttl  e Eim,  Lavon,  Bar  iwell  , and  Navarro  Mills  Peaervcirs 
cind  at  Lakeview,  Roanoke,  Aubrey,  and  T‘'-nnessee  Colony  Damsites  under 
existing  '19^9.)  conditions  of  basin  development  are  given  In  tables  27 
thro’jghi  36. 

tib.  The  monthly  flows  for  the  period  192^-19!rG  were  a-djusted  ’’c 
2020  conaiti'Ons  of  basin  development  ir-  the  same  m.ar.ner  as  the  flow--- 
under  existing  conditions  of  basin  d-^vr  1 ip,rri-=n*  . However.  rt'Cntlily  fiow- 
under  2010  conditions  of  basin  development  had  previously  b-^en  determined 
for  the  19^1  “19^7  period  by  the  United  states  Bureau  of  Reel erriatlon  for 
the  United  States  Study  Commission  - Texas.  In  view  of  the  uncertainty 
as  to  the  actual  degree  of  basin  deveiopmen*  that  win  be  a'lcompl i shed 
by  the  year  2020,  it  was  concluded,  after  an  analysis  of  the  lata,  that 
the  flows  for  the  19^1 -i9v'^  period,  as  published  by  the  United  States 
Study  Commission  - Texas  for  2010  conditions  would  generally  a.lso  be 
applicable  to  2020  conditions  of  basin  development  and  were  sc  adopted 
In  this  report.  The  one  exception  was  at  Lakeview  Reservoir  wher« 
records  malntaine-l  by  the  Dallas  Fewer  and  Light  Company  at  the  existing 
Mountain  Creek  Dam  were  used  an'd  applicable  a'djustments  were  made  to 
estimate  flows  under  2020  cor,  ii"^  ions  of  basin  development  for  th*^  l'd4i- 
195T  period. 
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89.  SEDIMENT  DEPOSITION  IN  RESERVOIRS.-  Estimates  of  average 

annual  rates  of  sediment  deposition  for  Corps  of  Engineers  Reservoirs, 
existing  or  under  construction,  in  the  Fort  Worth  District  were  m^de 
in  connection  with  definite  project  studies  or  the  preparation  of 
preconstruction  design  memoranda  for  the  respective  projects.  In 
each  case,  the  estimates  of  sediment  inflow  to  the  reservoirs  were 
based  on  the  latest  data  available  at  tne  time  of  these  studies- 
Generally,  the  average  rate  of  sediment  productior..  was  estimated  for 
the  contributing  watershed  area  above  each  reseivcir.  This  was  based 
on  the  results  of  reservoir  resurveys  by  federal  agencies  (Reservoir 
Sedimentation  Data  Summary  Sheets)  published  by  tne  Subcommittee  on 
Sedimentation,  Federal  Iriter -Agency  Comirattee  on  Water  Rero.irce5,  aiii 
published  results  of  suspended  sediment  meeisurements  such  as  "The  Silr  \ 

Load  of  Texas  Streams,"  (annuox  reports  by  the  Texas  Water  Coranossion.  I 

formerly  known  as  the  Texas  Board  of  Water  Engineers).  In  some 

instsinces,  these  were  augmented  by  suspended  sediment  samples  obtaineu 
by  the  Corps  of  Engineers.  For  some  of  the  reservoir  projects  the 
anticipated  average  rate  of  sediment  production  and  deposition  was 
coordinated  witn  the  Soil  Conservation  Service  United  States  Department 
of  Agriculture  and  adjusted  to  reflect  the  effects  of  authorized  major 
soil  conserni-atlon  programs.  Sufficient  storage  space  was  originally 
provided  in  each  reservoir  for  about  50  years  of  sediment  deposition 
from  beginning  of  deliberate  impoundment.  The  most  recent  data  contained 
in  the  publication,  "Jriventory  and  Use  of  Sedimentation  Data  in  Texas," 

(Bulletin  5912,  Texas  Water  Commission)  were  used  to  estimate  sediment 
deposition  for  the  new  reservoir  projects  considered  in  tris  report. 

Methods  set  forth  in  Bulletin  5912  were  also  used  to  compare  provisions 
for  sediment  deposition  in  the  existing  projects.  The  recomputed  values 
were  found  to  be  generally  in  close  agreement.  Where  required,  allow- 
ances were  made  for  the  effects  of  existing  arid  proposed  land  improvements 
and  reservoirs  on  the  watersheds.  Subsequent  to  the  completion  of 
detailed  hydrologic  studies  it  was  determined  desirable  that  adequate 
storage  be  provided  for  accumulation  of  100  years  of  sediment.  However 
only  in  Lakeview  and  Tennessee  Colony  Peser'^cirs  were  sediment  allow- 
ances increased  to  meet  100 -year  requirements.  The  50-year  allowances 
for  sediment  deposition  in  the  other  reservoirs  were  not  change!  but? 
will  be  reconsidered  and  proper  revisions  in  sediment  deposition  will 
be  made  at  the  time  of  preconstruction  planning.  At  tnat  time,  it  Is 
proposed  to  allocate  sufficient  storage  for  100  years  of  sediment 
deposition  in  all  new  reservoirs  and  to  recompute  the  effects  of  tne 
50-year  sediment  storage  provided  in  existing  reservoirs  on  the  yields 
of  these  reservoirs. 

90.  SEDIMENT  - UNCONTROLLED  DRAINAGE  AREA. - A study  of  the 
uncontrolled  drainage  area  above  Tennessee  Colony  was  made  assuming  that 
the  presently  existing,  under  construction,  and  recommended  reservoirs 
would  be  in  the  system  upstream  from  Tennessee  Colony  urider  the  multi- 
purpose project  conditions.  The  sediment  production  rate  for  the 
uncontrolled  drainage  area  between  the  existing  and  recommended  system 
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of  reservoirg  oni  Tonn.  . fo'iony  Rc?*rrvoir  v^;-.  corDraitea  uti  iizinr 
methods  set  t."'th  in  D'i>'<-tin  R912-  Hi"  seitmc-nt  prodi.ct  lor.  r-jie 
from  the  uncontrolled  lireas  above  the  Livingston  and  WalilsvLlle 
Reservolrs  were  likewise  ortained.  ‘I’he  sediment  contribut"!  fror, 
the  uncontr'olled  area  w,t;.  lunmented  ny  -^i^timates  of  sediriient  pasr'-'i 
through  the  upstream  resa=Tvoirs.  'Ihe  amount  of  sediment  com ri but.- r 
by  the  upstream  reservoirs  wa'.  ■ ompute  i by  de*:ermining  tne  average 
trap  efficiency  for  earn  reservoir  '"The  Trap  Efficiency  of  Reservoir. 

G.  M.  Drune,  A.  G.  Volume  iL,  No.  3^  June  1953.)  and  applyine  this 
ratio  to  the  sedlmeue  mfiow  est  i • d lor  the  respective  leservoiru. 

The  combined  totai  tiv.-:  .igc-  ar^nu-ai  ic  ii merit  contribution  above  Terines; 
Colony  Reservoir  , for  examr-ie,  was  thus  determined  to  be  i.,9^’0  acre- 
feet  per  annum;  'U'l  522  arid  27?  acre -feet  per  annum  for  the  I ivirigst.^n 
and  Wailiovllle  Reservoir- , respectively. 

91.  SEDIMENT  DIo'n\ia"nuN.  The  total  sediment  inflow  - ; c ) i 
for  each  reservoir  was  diitiibuted  throughout  the  entire  ranc-  of 
reservoir  storage  using  the  methods  presented  by  W.  M.  Her', and  uii 

C.  F.  Ml.ll.er  in  Paper  entitled  "Distribution  of  Sediment  in  far  u 

Reservoirs Journal  of  the  Ky'iraulics  Division,.  F’roceedlngs  -t:  t! 

A.  S.  C.  E.  , Volutrie  81,  No.  H"r2,  April  1958.  These  methods  make  it 
possible  to  distribute  sediment  In  reservoirs  of  all  shapes  and  c !.’>=•  :■ 
and  facilitate  the  computation  of  new  bottom  elevations  after  dero-= ; r * 
of  the  anticipated  sediment. 

92.  SEDIMENT  STORAGE.-  Table  37  presents  pertinent  d-uta  as  to 

the  amount  of  sediment  storage  provided  in  acre-feet  and  its  distribution 
between  the  water  conservation  arid  flood-control  pools  of  the  e:- 1 ■ r iri.'’' 
and  recommended  Corps  of  Engineers  reser-voir  proJe''ts. 
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TABLE  37 


SEDIMENT  STORAGE  PROVIDED  IN  COBPS  OF  ENGINEERS  PROJECTS 
ON  TRINITY  RIVER  BASIN 


Sediment 

storage  (acre 

-feet ) 

Reservoir  : 

Total  : 

In  conserva-: 
tion  pool  : 

In  flood- 
control  pool 

Lake view  (l) 

^5,600 

i+3,100 

2,500 

Roanoke 

26,200 

- 

26,200 

Grapevine 

16,000 

14,300 

1,700 

Aubrey 

37.800 

35,200 

2,600 

Garza -Little  Elm 

40,700 

32,900 

7,800 

Tennessee  Colony  (l) 

190,000 

160,500 

29,500 

Lavon  (enleo-ged) 

47,800 

ill , 300 

6,500 

Wallisville 

12,800 

12,800 

- 

Benbrook  (2) 

15,750 

12,250 

3,500 

Grapevine  (2) 

36,000 

27 . 300 

8,700 

Garza-Little  Elm  (2) 

53,500 

40,100 

I3,i^00 

Lavon  (2) 

47,800 

41,300 

6,500 

Bardwell  ( 2 ) 

8,700 

6,000 

2,700 

Navarro  Mills  (2) 

15,800 

10,100 

5,700 

(1)  lOO-year  sediment  storage  provided  in  this  reservoir. 

(2)  Existing  project  or  project  considered  as  existing. 


93-  CONSERVATION  STORAGE.-  In  determining  the  conservation  storage 
capacity  which  should  be  provided  in  reservoirs  investigated  in  the 
Trinity  River  Basin,  cognizance  was  taken  of  the  requests  of  local 
interests  and  of  probable  future  water  requirements  of  the  region. 

Yield  versus  storage  relationships  were  established  and  cost  estimates 
were  developed  for  veurying  Increments  of  conservation  storage.  The 
storage  allocations  in  the  existing  Grapevine  arid  Garza-Little  Elm 
Reservoirs  were  revised  in  accordance  with  requests  from  local  interests 
assuming  tnat  comparable  amounts  of  flood-control  storage  would  be 
provided  upstream  in  Roanoke  and  Aubrey  Reseinroirs. 

9^.  A flood-prevention  program,  including  floodwater-retarding 
structures  for  the  Trinity  River  Basin  has  been  prepared  under  authority 
of  the  Flood  Control  Act  of  December  22,  19^*+  (Public  Law  53I+,  78th 
Congress,  2d  Session).  Data  presented  by  the  Soil  Conservation  Service 
in  March  196I  indicate  that  a toteil  of  1,200  retardation  structures  are 
proposed  in  the  Trinity  River  Basin.  Data  as  of  January  1,  I96I 
indicated  that  288  of  these  structures  had  been  completed.  The  1,200 
structures  in  the  Trinity  River  Basin,  If  constructed,  would  have  a 
total  detention  storage  of  1,072,621  acre-feet,  a combined  releeise  rate 
of  31»828  second-feet,  and  would  retard  runoff  from  3>679  square  miles 
of  drainage  area.  In  addition,  the  1,200  structures  would  contain 
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229,3^5  acre-feet  of  sediment  storage.  Ttie  number  of  existing  and 
proposed  retardation  structures,  the  drainage  area  controlled,  the 
sediment  storage  detention  storage,  and  combined  release  rates  of 
the  proposed  retardation  structures  above  each  existing  and  proposed 
Corps  of  Engineers  reservoir  are  shovm  in  table  38.  The  completed 
structures,  present  land  treatment  practices  and  existing  small  ponds 
are  reflected  in  the  runoff  utilized  in  determining  dependable 
yields  from  the  reservoirs  under  existing  conditions  of  basin  develop- 
ment. The  completion  of  the  proposed  Soil  Conservation  Service  land 
treatment  practices,  small  ponds  and  retardation  structures  upstream 
from  the  reservoirs  will  res’ult  in  an  additional  depletion  of  runoff 
into  the  reservoirs.  The  dependable  yields  from  the  reservoirs 
under  2020  conditions  of  basin  development  reflect  thas  additional 
reduction  in  runoff. 

TABLE  38 

SUMMARY  OF  PERTINENT  DATA  FOR  EXISTINO  AND  PROPOSED 
SOD-  CONSERVATION  SERVICE  RESERVOIRS 

-.Number  of  : Total  proposed  structures  above  reservoir 

-.structures:  Drainage  : . : 

Reservoir  ; completed  - ; area  Sediment -Detent ion: Combined 


-.above  res-:  : Controlled- storage  : storage  -.release 

:ervolr(l)  .-Number  (2i-  (sq.mi.)  .(ac-ftj  ° (ac-ft)  : (cfs) 


Benbrook 

3^ 

3^ 

79.5 

^,359 

2]., 106 

400 

Grapevine 

0 

56 

169.7 

14,d07 

46,938 

91 4 

Aubrey 

28 

37 

108.0 

5,664 

29,567 

617 

Garza-Little  Exra 

28 

120 

439.3 

24,457 

122,125 

4,094 

Lakeview 

3 

27 

115.3 

9,902 

34,160 

925 

Lavon 

63 

193 

331.1 

27.087 

92,246 

2,708 

Bar dwell 

22 

2k 

60.6 

4,081 

17.528 

306 

Navarre  Mills 

2 

66 

150.4 

12,431 

40,1  39 

1,511 

Tennessee  Colony  285 

1,132 

5.218.9 

218,341 

928,954 

27,794 

Wallisvllle 

288 

1,200 

3,679.0 

229 , 345 

1,072,621 

31,828 

(1 ) As  of  Januarj'  1,  I90I. 

(2)  Includes  completed  structures. 


95-  The  net  conservation  storages  and  yields  from  the  existing  and 
recommended  Corps  of  Engineers  reservoirs  are  shown  in  table  39  under 
existing  and  2020  conditions  of  basin  development  as  noted.  Yield  curves 
for  these  reservoirs  under  2020  conditions  of  basin  development  are  showri 
on  plate  22.  Refer  to  table  15  for  dependable  yields  from  existing  and 
Proposed  local  interest  projects  under  2020  conditions  of  basin  develop- 
ment. The  dependable  yields  shown  in  table  39  are  based  on  recurrence  of 
the  I95O-I95V  flrou^t  period  on  the  basin.  Under  the  2020  conditions  of 
basin  development  it  is  assumed  that  the  proposed  program  of  the  Soil 
Conservation  Service  would  be  completed. 
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TABLE  39 


RESERVO  IF-  YIELDS 
CORPS  OF  ENGINEERS  RESERVOIRS 


Conservation  : 

Yield 

Reservoir  : 

storage 

(acre -feet)  : 

(cfs) 

: (MGD) 

EXISTING  RESERVOIRS  UNDER  EXISTING  (1958)  CONDITIONS  OF  BASIN 

DEVELOPMENT 

Benbrook 

72,500 

10 

6.5 

Grapevine 

161,250 

32 

20.7 

Garza-Little  Elm 

436,000 

167 

107.9 

Lavon 

100,000 

71 

45.9 

Bardwell 

29,500 

8.4 

5.4 

Navarro  Mills 

53,200 

32 

20.7 

Tennessee  Colony  (l) 

1,032,500 

735 

475-0 

Total 

1,884,950 

1,055.^ 

682.1 

EXISTING  AND  REC»U-IENDED  RESERVOIRS 

UNDER  EXISTING 

(1958)  CONDITIONS  OF 

BASIN  DEVELOPMENT 

Benbrook 

72,500 

10 

6.5 

Lakeview 

306 , 400 

52 

33.6 

Grapevine -Roanoke  system 
Garza-I.ittle  Elm  - 

372,200 

66 

42.7 

Aubrey  system 

1,234,):00 

291 

188.0 

Lavon  (enlarged) 

362,300 

139 

89.8 

Bardv;ell 

29,500 

8.4 

5.4 

Navarro  Mills 

53,200 

32 

20.7 

Tennessee  Colony 

1,032,500 

705 

455.7 

Wallisville 

- 

_(2)_ 

(2) 

Total 

3,463,000 

1,303.^ 

842.4 

EXISTING  & RECOMMEiroED  RESERVOIRS  UNDER  2020  CONDITIONS  OF  BASIN  DEVELOPNIEbT 

Benbrooii 

72,500 

10 

6.5 

Lalceview 

306,400 

47 

30.4 

Grapevine -Roanoke  system 
Garza -Little  Elm  - 

372,200 

65 

42.0 

Aubrey  system 

1,23^',-- 00 

234 

151.3 

Lavon  (enlarged) 

362 . 300 

121 

78.2 

Bardwell 

29,500 

6.5 

4.2 

Navarro  Mills 

53,200 

28 

18.1 

Tennessee  Colony 

1,032,500 

45c 

290.8 

Wallisville 

~ 

(21 

(2) 

Total 

3,463,000 

961.5 

621.7 

(IT 

Recommended  project  included  in  tabulation  so 

that  the  overall  effect 

of  the  recommended  upstream  development  on  the  yield  at 

Tennessee 

Colony  niay  be  evaluated. 
(2)  See  footnote  U,  table  h. 
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8EN8POO  RESERVOIR 


lakeview  reservoir 


e‘0  Da%ea  on  'eouceo  fesour:es  Joe 
'c  Ajt'vy  f^ese'vO'f  oo^'O^’or 


barowell  reservoir 


20  «<'  60 
VMnSfRVATiON  S^OAA  .OOO  A' 


GARZA-LITTLE  ELM  RESERVOIR 


NAVARRO  mills  RESERVOIR 


US  ARMV  6WINFER  0»STRlCT,  FORT  WORTi 


TRiN.TY  R'VfP  AHO  TRlBuTABltS.  Tt>AS 

trinity  river 


STORAGE -YIELD  RELATION 


PLATE  22 


U S APVr 


TENNESSEE  COLONY  RESERVOIR 


[ AUBREY  RESERVOIR  I 


1 GRAPEVINE  reservoir 

^ . 

1 

96.  FLOOD-CONTROL  STORAGE.-  Routings  of  the  major  floods  of 
record  (under  2020  conditions  of  basin  development)  were  made  through 
the  system  of  reservoirs,  assuming  that  all  reservoirs  would  be  at 
the  top  of  the  conser\'ation  pools  at  the  beginning  of  the  floods,  and 
that  releases  would  be  regulated  to  the  reoommended  operating  discharges. 
Under  these  routing  conditions  the  maximum  flood-control  storage 
utilized  at  Lakeview  Reservoir  was  135,600  acre-feet  during  the  floods 
of  April -July  19^2  and  the  maximum  flood-control  storage  utilized  at 
Tennessee  Colony  Reservoir  was  2,133-000  acre -feet  during  the  floods 
of  April -July  195T-  Under  the  same  routing  conditions,  the  maximum 
flood-control  storage  was  utilized  in  the  recommended  system  of 
reservoirs  on  the  Elm  Fork  watershed  during  passage  of  the  floods  of 
April -July  1957-  The  maximum  flood-control  storages  utilized  in  the 
Elm  Fork  reservoirs  were  as  follows;  Garza -Little  Elm  Reservoir, 

298,100  acre-feet;  Aubrey  Reservoir,  232,200  acre-feet;  Grapevine 
Reservoir,  b2,500  acre-feet;  and  Roanoke  Reservoir,  216,100  acre-feet. 
Based  on  the  above  analysis , sufficient  flood-control  storage  was 
provided  in  Lakeview,  Tennessee  Colony,  Garza-Little  Elm,  Aubrey, 
Grapevine,  and  Roanoke  Reservoirs  to  control  the  maximum  flood  of  record. 
F ’iod  of  record  I'outings,  based  upon  maximum  utilization  of  conserva- 
tion water,  indicate  that  the  conservation  pool  of  Lalceview  Reservoir 
would  be  filled  infrequently.  However,  there  is  a possibility  that 
conservation  water  in  Lakeview  Reservoir  would  not  be  used  at  the 
maximum  rate,  especially  during  its  earlier  operating  period  and  that 
major  floods  could  occur  on  a full  conser.'-ation  pool.  A regionsQ 
analysis  of  flood-control  storage  requirements  was  ai.so  made  for  the 
Trinity  River  Basin.  The  requirements  for  the  50-year  flood-control 
storage  taken  from  frequency  curves  based  upon  the  regional,  analysis 
were  in  close  agreement  with  the  adopted  flood-control  storages  for 
the  recommended  reservoirs.  It  is,  therefore,  considered  that  50-year 
flood-control  storage  has  been  provided  in  the  Lakeview,  Tennessee 
Colony,  Garza-Little  Elm,  Aubrey,  Grapevine,  and  Roanoke  Reservoirs. 

The  flood-control  storage  provided  in  existing  reservoirs  on  other 
subwatersheds  was  considered  adequate  in  conjunction  with  the 
recommended  increase  in  channel  capacities  downstream  from  these 
reservoirs.  The  storage  allocations  in  the  existing  Grapevine  and 
Garza-Little  Elm  Reservoirs  were  revised  in  accordance  with  requests 
from  local  interests  assuming  that  comparable  flood -control  storage 
would  be  provided  upstream  in  Roanoke  and  Aubrey  Reservoirs.  As  a 
result  of  these  studies  the  following  net  flood -control  storages  (in 
acre -feet  and  inches)  have  been  provided  in  the  existing  and  recommended 
reservoirs . 


11-101 


Reservoir 

: Flood-control 

: (acre -feet)  : 

storage 
(inches ) 

Benbrook 

76,550  (1) 

3.3 

Lakeview 

136,700 

9.4 

Roanoke 

223,700 

6.9 

Grapevine 

47 , 300 

9.9 

Aubrey 

258,300 

7-1 

Garza-Little  Elm 

331,600 

6.4 

Tennessee  Colony 

2,144,300 

6.3 

Lavon  (enlarged) 

275,600 

6.7 

Bardwell 

79,600 

8.7 

Navarro  Mills 

143,200 

8.5 

(l ) Controlled  storage  at,  elevation  JIO.O.  At  the  emergency  spillvay 
crest  elevation  'fSh.O  there  is  170,350  acre-feet  or  J.k  inches  of 
flood-control  storage  provided. 


Flood-control  storage  capacities  provided  in  local  Interest  projects 
are  shown  in  table  4. 

97*  STANDARD  PROJECT  FLOODS.-  The  standard  project  floods  for 
Aubrey,  Garza-Little  Elm,  Roanoke,  Grapevine,  and  Lakeviev  Reservoirs 
were  determined  in  accordance  with  procedures  set  forth  in  EM  1110-2- 
l4ll  f Civil  Works  Engineer  Bulletin  No.  52-6,  dated  March  26,  1952, 
subject:  "Standard  Project  Flood  Determinations").  The  standard 

project  rainfall  for  the  areas  above  each  of  the  reservoirs  was  deter- 
mined and  loss  rates  applied  as  discussed  in  paragraph  102  to  obtain 
rainfall  excess  values  of  13»0  Inches  above  Aubrey  Reservoir,  11.5 
inches  above  Garza-Little  Elm  Reservoir,  11.4  inches  above  Roanoke 
Reservoir,  10.9  inches  above  Grapevine  Reservoir,  and  13«1  inches 
above  Lakeview  Reservoir.  The  six-hour  rainfall  excess  values  were 
applied  to  the  appropriate  unit  hydrographs  given  in  tables  45  and  46 
and  the  rainfal.l  on.  the  reservoir  surfaces  added  to  develop  standard 
pioject  flood  hydrographs  at  each  of  the  above  damsites.  In  the  case 
of  Tennessee  Colony  Reservoir,  it  was  estimated  the  standard  project 
flood  would  be  equivalent  to  one-hailf  of  the  spillway  design  flood 
for  the  purposes  of  this  report.  Tne  adopted  standard  project  flood 
for  each  of  the  reservoirs  was  routed  through  the  reservoir  under  the 
following  conditions;  (l)  The  reservoir  level  in  each  reservoir  was 
assumed  to  be  at  the  top  of  conservation  pool  at  the  beginning  of  the 
flood;  (.2)  local  runoff  at  downstream  gages  was  assumed  to  be  as 
computed  for  the  flood  of  April -May  1957;  and  (3)  the  outlet  works 
at  each  reservoir  were  assumed  operative  during  the  passage  of  the 
flood.  Results  of  routing  the  standard  project  flood  through  each 
of  the  reservoirs  under  the  above  conditions  are  summarized  in  the 
following  tabiHation: 
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: Standard  project  : Maximum; Maximum 

: flood : routed  : reservoir 

Reservoir  ; Peak  inflow  : Volume  : outflow: elevation 

I fcfs)  “ : acre -f eet ) ; ( cf s ) ; ( ft -msl  ) _ 


Lakeview 

168, LOO 

194,500 

69,400 

528.7 

Roanoke 

159,300 

372,200 

129,400 

619.0 

Grapevine 

89,  700 

429  .000 

29,200 

565.7 

Aubrey 

250,400 

482,800 

176,^00 

635.7 

Garza-Little  Elm 

317,600 

1 ,045  .200 

42,400 

538.3 

Tennessee  Colony 

475.900 

5vOi'7,iiOO 

289,000 

285.0 

98.  FLOOD -COI'JTROL  EFFECTS.-  In  order  to  evaluate  the  flood- 
control  effects  of  both  existing  and  recommended  Corps  of  Engineers 
reservoirs  in  the  Trinity  River  Banin,  the  peak  discharges  for  the 
damaging  floods  of  record  were  determined  at  the  principal  gaging 
stations  within  the  affected  areas  on  the  Trinity  River  and  its 
tributaries  by  use  of  observed  and  estimated  reservoir  inflows,  stream- 
flow  records,  and  routing  procedures.  The  reductions  in  peak  discharges 
were  determined  under  two  conditions  of  basin  development;  (l)  Exist- 
ing conditions  resulting  from  presently  existing  basin  improvements 
such  as  diversions,  return  flows,  land  treatment,  ponds  and  minor 
reservoirs,  and  major  existing  reservoirs  including  Navarro  Mills 
Reservoir  (under  construction)  and  Bardwell  Reservoir  (authorized); 
and  (2)  2020  conditions  resulting  from  basin  improvements  as  outlined 
above,  that  were  assumed  would  be  effective  In  the  year  2020.  The 
existing  reservoirs  and  the  reservoirs  assumed  in  operation  by  the 
year  2020  are  listed  in  tables  U,  I5  and~i5  and  sliown  'on  plate  13* 

99"  Releases  from  all  Corps  of  Engineers  reservoirs  in  the 
system,  under  both  existing  and  2020  conditions  of  basin  development, 
were  limited,  where  possible,  to  such  rates  as  wo'ild  produce  flows 
not  to  exceed  downstream  channel  capacities  (existing  or  recommended) 
on  those  tributary  streams  wnere  the  reservoirs  are  located  and  on  the 
Trinity  River  between  Dallas  and  the  mouth.  Operating  discharges  at 
key  gaging  stations  under  existing  and  2020  conditions  are  shown 
in  the  following  tabulation: 


Streamgaging  station 

: Existing  operating  . 
- discharge  (cfs) 

2U20  operating 
discharge  (cfs) 

Clear  Fork  at  Fort  Worth 

6,000 

6.000 

West  Fork  at  Grand  Prairie 

6,000 

12,000 

Elm  Fork  near  Carrollton 

8,000 

12,000  (1) 

Trinity  River  at  Dallas 

13,000 

20,000 

East  Fork  near  Crandall 

2,000 

5,000 

Trinity  River  near  Rosser 

15,000 

25,000 

Trinity  River  at  Romayor 

.35,000 

35,000 

(l)  Recommended  operating  discharge  12,000  cfs.  fn  octual  operation 


releases  regulated  to  8,000  cfs. 

In  addition,  releases  from  Lakeview  Reser'voir  on  Mountain  Creek 
were  limited  to  ^,000  second-feet  or  less,  releases  from  Bardwell 
Reservoir  were  limited  to  such  rates  as  wo'jld  produce  flows  not  to 
exceed  4,000  second-feet  at  the  mouth  of  Chambers  Creek  nor  2,000 
second-feet  on  Waxahachle  Creek,  and  releases  from  Navarro  Mills 
Reservoir  were  liirdted  to  such  rates  as  would  produce  flows  not  to 
exceed  3*000  second-feet  on  Riclilarid  Creek  above  the  mouth  of 
Chambers  Creek. 

100.  The  reservoirs  in  the  system,  under  both  existing  and  2020 
conditions,  were  regulated  insofar  as  practicable,  to  maintain 
approximately  the  same  percentage  of  flood -control  storage  utilized 
in  each  reservoir-  Also,  whenever  possible,  releases  were  made  from 
one  or  more  of  the  reservoirs  in  order  to  fully  utilize  the 
recommended  operating  discharges  shown  above. 

101.  Three  of  the  maximum  known,  general  floods  on  the  Trinity 
River  Basin,  April -July  19^2,  Fobniary-May  19*+^.  and  April -July  195’^ 
were  routed  through  the  reservoirs  under  existing  and  2020  conditions 
of  basin  development  following  the  plan  of  reservoir  regulation  set 
forth  in  the  preceding  paragraphs.  The  reservoir  elevations  at  the 
beginning  of  the  floods  were  established  by  continuous  routings  for 
the  entire  1924-1957  period.  The  results  of  these  flood  routings 
are  summarized  on  tables  4o,  41,  and  42.  The  reservoir  regulations 
during  these  flood  periods  are  shown  graphically  on  plates  23  througtj 

37- 


TABLE  ho 


RESULTS  OF  ROUTING 
FLOODS  OF  APRIL -JULY  19^2 


Reservoir  : Max.  reservoir 

or  : elev . ( ft -msl ) 

stream  gage  :Existing:  2020 

: Peak  discharge  (cfs) 

: ’ :Modified:Modified 

: Historical: existing:  2020 

Benbrook 

710.0 

TO9.O 

. 

Fort  Worth  (Clear  Fork) 

- 

- 

18,200 

6,100 

6,000 

Fort  Worth  (West  Fork) 

- 

- 

23,700 

16,4^-' 

13,200 

Grand  Prairie 

- 

- 

27,200 

15,100 

13,700 

Lakeview 

- 

516.9 

- 

- 

- 

Roanoke 

- 

609.0 

- 

- 

- 

Grapevine 

560.0 

558.5 

- 

- 

- 

Aubrey 

- 

633.0 

- 

- 

- 

Garza-Little  Elm 

533.6 

531.-0 

« _ 

- 

- 

Carrollton 

- 

- 

90,700 

24,100 

8,000(1) 

Dallas 

- 

- 

111,000 

53,000 

48,000 

Lavon 

k<^0.0 

499.0 

- 

- 

- 

Crandall 

- 

- 

99^200 

48,000 

37,400 

Rosser 

- 

- 

133,000 

93,000 

82,300 

Bardwell 

^31.1 

429.5 

- 

- 

- 

Mouth  of  Chambers  Creek 

- 

- 

39,500 

35,700 

(2) 

Navarro  Mills 

434.0 

432.0 

- 

- 

- 

Richland  Creek  above  mouth 
of  Chambers  Creek 

44,800 

31,900 

(2) 

Tennessee  Colony 

- 

274.0 

- 

_ 

Oakwood 

- 

- 

153,000 

*.  9’3,500 

35,000 

Riverside 

- 

- 

121,000 

74,700 

35,000 

Romayor 

“ 

“ 

111,000 

69,600 

36,500 

This  routing  to  8,000  cfs.  Reconmended  operating  discharge 


subsequently  increased  to  12,000  cfs. 
(2)  In  Richland  Creek  Reservoir. 


11-105 


■b ^ 


TABLE  4l 


r 


RESULTS  OF  ROUTING 
FLOODS  OF  FEBRUARY -MAY  19^5 


Reservoir 

or 

stream  gage 

: Max.  reser’/oir 
: elev.  (ft-msl) 
.•Existing:  2020 

: Peak  discharge  (cfs) 

: -.Modified:  Modified 

.•Historical  .’existing:  2020 

Benbrook 

710.0 

704.3 

. 

_ 

Fort  Worth  (Clear  Fork) 

- 

- 

27,000 

14,900 

13,100 

Fort  Worth  (West  Fork) 

- 

- 

31,200 

15,600 

14,900 

Grand  Prairie 

- 

- 

29,500 

17,500 

16,800 

Lakeview 

- 

515-1 

- 

- 

- 

Roanoke 

- 

601.1 

- 

- 

- 

Grapevine 

555-8 

557-2 

- 

- 

- 

Aubrey 

- 

630.0 

- 

- 

- 

Garza-Little  Elm 

533-1 

527-8 

- 

- 

- 

Carrollton 

- 

- 

37,800 

11,200 

8,000(1) 

Dallas 

- 

- 

52,900 

35,600 

26,200 

Lavon 

490.0 

495.0 

- 

- 

- 

Crandall 

- 

- 

64,000 

34,200 

5,000 

Rosser 

- 

- 

66 , 600 

53,200 

44,500 

Bardwell 

436.0 

429.2 

- 

- 

- 

Mouth  of  Chambers  Creek 

- 

- 

34,800 

31,400 

(2) 

Navarro  Mills 

438.7 

435.9 

- 

- 

- 

Richland  Creek  above  mouth 
of  Chambers  Creek 

. 

__ 

62,200 

44,300 

(2) 

Tennessee  Colony 

- 

281.2 

- 

- 

- 

Oakwood 

- 

- 

140,000 

123,000 

35,000 

Riverside 

- 

- 

116,000 

103,800 

36,000 

Romayor 

- 

106,000 

93,000 

38,000 

(T)  This  routing  to  8,000  cfs.  Recommended  operating  discharge  subsequently 


increased  to  12,000  cfs. 

(2)  In  Richland  Creek  Reservoir. 
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TABLE  h2 


RESULTS  OF  ROUTING 
FLOODS  OF  APRIL -JULY  1957 


Reservoir  or  : 

stream  gage  : 

Maximum 
reservoir 
elevation 
( ft -msl ) 
Existing:  2020 

: Peak  discharge 

:Est.  peak  : 

: without  : His- 
: exist . CofE : torical 
: reservoirs:  (l) 

:Modified 
: 2020 

Benbrook 

713.3 

702.5 

_ 

. 

Fort  Worth  (Clear  Fork) 

- 

- 

46,800 

14,200 

13,900 

Fort  Worth  (West  Fork) 

- 

- 

58,800 

26,800 

15,100 

Grand  Prairie 

- 

- 

68,800 

59,200 

47,700 

Lakeview 

- 

498.6 

- 

- 

- 

Roanoke 

- 

595.2 

- 

- 

- 

Grapevine 

560.8 

549.0 

- 

- 

- 

Aubrey 

- 

619.0 

- 

- 

- 

Garza-Little  film 

535-6 

522.0 

- 

- 

- 

Carrollton 

- 

- 

164,100 

13,700 

6,400(2 

Dallas 

- 

- 

222,000 

75,300 

54,000 

Lavon 

491.5 

496.4 

- 

- 

- 

Crandall 

- 

- 

40,800 

33,000 

5,000 

Rosser 

- 

- 

142,000 

56,000 

29,800 

Bairdwell 

431.3 

418.0 

- 

- 

- 

Mouth  of  Chambers  Creek 

- 

- 

24,500 

22,200 

(3) 

Navarro  Mills 

443.0 

440.7 

- 

- 

- 

Riciiland  Creek  above  mouth 

of  Cheimbers  Creek 

- 

- 

48,200 

31,000 

(3) 

Tennessee  Colony 

- 

262.5 

- 

- 

- 

Oakwood 

- 

- 

137,100 

a,  300 

27,300 

Riverside 

- 

- 

130,500 

91,000 

29,300 

Roraayor 

- 

125,900 

89,000 

23,500 

in  Historical  or  modified  existing  conditions. 

(2)  This  routing  to  8,000  cfs.  Recommended  operating  discharge 


subsequently  increased  to  12,000  cfs. 
(3)  In  Richland  Creek  Reservoir. 
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NOTES 

' H SlOf'COi  * Om  i "M  Mr^am^-Om  0f>'C^  OC'UO/'f  OCCUffei  or  1*0'  »i'  T<0>»<3  to  tv^  octuf'M 
at  a par’-ci^ipr  pent  jr  ifgf  on  ufkjpf  "M  wo’et'it'pa  conH'f  ors  f#  it  ng  at  f th  at  *<ooa 

2 Mo3'  «a  ei'i'  COfUJ't'OOS  itxmi  'fm  tiydrogtapHs  respiting  f/ntn  ptfSPnUf  ar-s/  ng  wOt0r 

'T>D'C>^0tr>»rn  r<cli/<3ing  •no/Of  'asOf^n.  ai^trsiprs,  return  t/oms.  'Ona  ir^tmenr,  panci  anc 
'Ttif*or  reserterf,  tiooO  water  retara  ng  structurei.  etc  m addition  to  'e»*rtroirs  pretentif  i- 
Operation,  Na^ar'o  N ■'*  deserter  (ur'de'  construction  i and  BardwO'i  ^leryoir  touthar  /ed.  O'e 
o/$o  assumed  to  pe  •»  *'  "g  re>e'*oirs  -n  >n,s  sudr 

3 Modified  - 2020  cond  tons,  snows  the  tydrogrophs  resun  rtg  frjm  watershed  ■mprer^ementi. 

■ rsciuding  major  'esertvrs,  diversions,  return  flows,  ’Orta  t'eotmenj,  ponds  and  mi  nor  'eservo  rs, 
f oodwoto'  ■ 'etO'd-ng  structures,  etc. that  ore  oss  'ea  to  be  effective  in  ">e  red'  2020 

4 The  ei.shng  'eservoi'S  ar>d  'he  reservoi's  ossumec  ope'Qt  ve  under  2020  conditions  ce  '/t'ac 
on  'obtes  3.  4,  ■5a’*d  6 and  shown  or  Plate  3 

3 ffeserroit  eierjt  ins  at  tne  beg-itn-  tg  of  ’he  f'ood  under  bo'n  ei  s'lng  and 2020  cond  t ons 
were  estab'  st'ed  b*  penod  of  record  rpui  ngs 

6 ff)e  plans  of  -eseruoir  regu/o'iv  under  et  st  ng  and  2020  conditions  of  wviersn^ 

•nent  Q'f  summo'  ted  >n  tnis  apceno  * 

f Peservoirs.  under  ‘moditiea  ei'Sfing  conditions,'  'egu'o'ta  fo  obtain  discharges  eguO'  tp 
ei'Sting  channel  capacities  (Peter  to  'e*'  ) ana  unae'  'modified  2020  conoiffons'  •oobton 
discharges  eguo-  tp  proposed  operating  capag  tits  as  shown 


GAu/NG  station  1 

1 PROPOSE ) CliANNEL  1 

1 CAPACTyICESI  1 

[proposed  DPERATNG 
1 DISCmARG£  (CES' 

Cnof  ror»  Q»  Son  iRo<tA 

9.000 

6.000 

yiNi*  TotX  31  ^Oft  At:x«h 

15.000 

>2.000 

**?•  rofll  01  0»OA<J  PrO'*'* 

'5.000 

'2.000  J 

’RiN  TY  RivfR  TRiBuTARifS.  TfKAS 
TRINITY  RIVFR 

RESERVOIR  REGULATION 
flood  or  FEBRUARY  - MAY  1945 
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ARMv  t M>.iNI  r M lAS^Ril 
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-4»>  V ?.•  HTf*! 
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CQWPS  Of  E-NQtNfcERS 


RESEWvQift  uEVEfeS 

2020  C^NOtTiONS 


TOP  R£OU  CO*T>^ 


**ESE»->^0'«  .EvElS 
2020  C'.JNOiTtOMS^ 


TOP  CONXRVATKP*  POOi-.f  L 5560 

(2020  CONOlTiOf*S->^— 


C202C  CONOiTONS). 


uNOfR  E«  S’^'NG  CCS?  * NS 
-RE  SFRvOiR  ^fvEu  “E’jRNS 
TO  TOP  or  CONSEMvAT 


RESERVOIR  L£_yEtS 

EXISTING  CONDITIONS 


NOTE 


JJHCX.P  EXISTING  CONDITIONS. 
RESERVOIR  LEVEL  RETURNS 
TO  TOP  OF  CONSERVATION 


POOL, EL  5550.0N  JUNE9j945 


GARZA-LITTLE  ELM  RESERVOIR 
(LEWISVILLE  DAM) 


INF  I OW- EXISTING 
CONDITIONS 


GRAPEVINE  RESERVOIR 


'condition; 


OoTFlO* 


EXISTING 

CONDITIONS 


INFLOW  EXISTING  CONDITIONS 


Ol’TFl.-'W  2020 


inflow  2020 

CONDITIONS-, 


•outflow  2020 


CONDITIONS 


outflow  existing 

CaNClTIONS  ' I 


10  IS  20  n»  s 10  -s  20  23  5i 

FfSPuAP'  MARCH 


Of  ENGINEERS 


MARCH 


CONTRi 


POOL.  El  50|  0 (2020  CONDI Tj 


TOP  P.OOO  CONTROL  POOL. 

EL  49O0'EX'STINGC0N0lTiONS) 


RESERVO'R 


lEVEuS- 

202C  CONDITIONS 
qOP  C>^S£WVATtON  ;-OQu.- 
;^^90(202C  condition; 


RESERVOIR  levels- EXISTING  CONDITIONS 


NOTE  * . . . * i » 

UNDER  EXISTING  CONDITIONS , RESERVOIR  LEvEl  RETURNS 
TO  TOP  CONSERVATION  POOL  .El  4720. ON  jULT  2.  i945 


LAVON  RESERVOIR 


PS  EXIST. N. 


■NFLOW  EXISTING  CONDITIONS 
- NPlOW-  2020  CONDITIONS 


• OUTP; 


0*  2020  CONDITIONS 
OUTFu:  A 

■^Existing  CONDITIONS 


0 5 20  25  28  5 '0  5 2C  25  3. 

PEBRuAftT  MARCH 

1945 


5.000 


M'S'^OPlCAi. 

55,J!'>0  CFS 


MOD'f 'ED*  2020  CONDITIONS 


trinity  RIVfR 


RESERVOIR  REGULATION 


FLOOD  OF  FEBRUARY- MAY  1945 


us  A«M>  INi.'NflB  C»STRil.T,  KT«T  W'lRT 


Pl-ATf  50 


<¥  MOO'FieO  EXISTING  CONDITIONS 


TRINITY  RIVER 
NEAR  ROSSER 


rgf>  »~wOOO  control  pqql  . 4 4. 


TOP  CONSEPvAT  ON  POOL  A £■ 


RESERvCNP  wC»ElS-2020  CONDITIONS 


CEsVEXiSTiNG  CC^piT’ON^ 


NAVARRO  MILLS 
RESERVOIR 


2020  CONDITIONS 


Ncres 


, ‘ite  gerf’3!  /»,  >es  of' 

2 Ofit'otir^g  atcf'O'ges  or  Cfurtori  C>ee*  ot  •% 
mou'f'  oro  or  R'c^'ora  C'tf*  obo*e  >roi,tr  of 
Cf'or'Oers  C'ee»  o/e  4,000  arc  3,000  c f s . 
'esfcc'  fCr  oraer  2020  corC’’  ors  , 'rat  cortroi 
pens  mouKJ  be  r.urao’ec  by  ’•oter  s'o'ta  n 
fficbianc  Cfte*  Reie'toir  . a ptoposea  'oco'  'me' 
'ese'vo/f  or  R’Cbanc  C>ees  be'0<r  ff<e  frou'f>  of 
C'lambcrs  C>ee*  fberefo'e  . mob-f'ea  f'ycrog'opfis 
ore  roi  ibowr  o'  'rese  poms  oroer  2020 
cor' O'  t'ors 

I Releases  Itorr  So'OweH  ora  N^orro  M s 
Rese'eoirs  , uttOer  2020  congi'iors  . were  r>0ic 
to  a monmum  of  2.000  one  5.000  cfs. 

’ especf  'vtif 


2020  CONDITIONS 


MA4CH 


62,200  C gS  (HISTORICAL) 


44.300  C fS  .MODiFitD) 


RICHLAND  CREEK 
ABOVE  MOUTH  OF 
CHAMBERS  CREEK 


iSTORiCAl 


EXISTING  CONDITIONS 


RESERVOIR  REGULATION 


FLOC  T OF  FEBRUARY- MAY  1945 


3Htt 


US  ARMv  ENC.iNftR  OTSTRilT,  FORT  WORTH 


^fe.'OOCSF  AVJ^«_AU 


•STORtCA. 


/2020  COND  ■'  ONS 


>NSEF»VAT;QN  poo,.. 


TENNESSEE  COLONY 
RESERVOIR 


!N/w9*-iQ2QCQNPiT, 


AMTil 

S45 


',40.V0C  C F J IH  ^TQft , C^' 
■ 23,000  CFS  MOOiF  fO! 


historical 


trinity  river 

NEAR  OAKWOOO 


MOO‘FiED-2020 

COND-'^iONS 


, F. 


JiFiCO-ExtST'NG 
CONDITIONS  1 


5 C'5?0  25»5  lO  «2C‘«  5.  « Cl'SaD 

^EBAUAfrv  WARI^  APRIL 

945 


trinity  river 
AT  RIVERSIDE 


MCO'P'EO-EX'STiNG  CONOi'^iONS 


CONDITIONS 


93^000  CFSlMOOiFiECJ 


.STOR'CAl 


PROPOSED  CMANNFl 


DISCHARGE  :C  E S 


Tnnify  R<v«r  near  OokwOOlJ 


S5.000 


5S.000 


N S SHEETS 


US  ARMV  EN(«'NFER  OESTRiCT,  FORT  WORTi 


JUNE 


VOTf 

S##  g«r>9ro  notti  on  sno»'  I 


TR  N'TY  River  and  triB^iTARiES.  TfHAS 

TRINITY  RIVER 

RESERVOIR  REGULATION 

FLOOD  OF  FEBRUARY- MAY  1945 


‘*^.,.**i* 
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TRINITY  RIVER 
AT  RCM^YOR 


MOLiiFtED-2020  CONDITIONS 


ly  Riv«r  a*  River$id« 


Tnn.ly  Ri»*r  Ol  RoRiOyO 


OP  ENoiNCEB 


BENBROOK  RESERVOIR 


■>.:w-Ex.§T 

CONpi'TiONS 


Clear  fork  of  trinity 

AT  FORT  worth 


MO0iP^EC-2O2C  CONDITIONS 


WEST  FORK  OF  TRINITY 
AT  fort  worth 


F ED  2020  CONC  TiONS 
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" i*0>  za  • ’•  5 'A#  » eJ'r'‘'Om  mf  ■ •>  OCfui.  r OCCijrr^  <V  mJS  »%t. 

' . W 'i  *•  »(•  O ffcr'  Cu'O'  {K'  or  ita*  or  yOOOr  ">#  wa'ori'tOO 

conj  '-I.V55  f i'  rg  gt  'tf  * /n«  j/  'V  f'00<f 
^ W...*  it  ng  zont3't‘OOi.  ih,  mi  "M  '•fJ'ng'OpOi  'fStj-rng  fro/r 

*v««»e>  • ! n %*  'g  'rpr . ,,  ^O’rg  -^/or  ie^e/»o-ti. 

J ,6'i  l'tj.  <•'«■"»  f ’MS,  O'**;  "OOtfront  pCfOi  onO  li'nor  *>OuO 

m ■•e  •'O'O  -g  i”tic>u'0‘-.  fc  r aoo  ' oo  to  '0f0'fO>rs  n 

j-  .:■■  V.%,,VT.  it  s coost'i^tior.  grxj  Hc'OmO 

:'0  0 5,^  ,v  5'  '*^  />  'a  j 

t ^Or>0‘,o/I$,  tV«i  't>e  Ifj'ogroptli  'OS',  A *iy  trg/r  m;‘e' 

iV.’  rc  -g  fO/Cr  '0S0r,c  '».  J'i«'S‘Or>S.  /gt^fn  f >i*j. 

0'»0  tr^o'-ngrt  iHVnJi  anO  f-noi  rgH'rO-ri.  ‘ O.'OwOtg'  'gtQro-ng  itfuCturgs, 

0'<  . ”v>  are  jsi^mgg  tc  .v  »"»<-'  •»  'O  "v  »oo' 

4 'V  S'  ->g  tsg’rO'S  jno  'V  'gSfrC'S  CSS..'rgc  OoerO'  ,9  urjgr 
3C2C  core  t ors  s'9  s>»0  or  '00  #s  4 . *>000  <6  otio  stiomn  or 

^■j'0  3 

- f 0 e.C  or$  ^"Ogr  9,  s'  rg  -ora-t  ors  O'0  as  OctuQit^  abse'>oc 

a^  ng  "-f  9*’  • ootj  i.0'  oO  0 'h  '00  9*z0ot'or  ot  Barjmg  ana  NovO"0 
V/  s ^0S0-tO  's  <*’•  cr  09-0  sto'tga  O’  0 tf. o'  tv*5  0stop'  snea  t>y  j«'  oe 
• '0i.ara  tou'  "gs  Jngg'  302C  ci-na  * or$.  a 'gse'rc  ' g gra'ors  of 
"•0  C0g  m "g  of  're  * 000  mere  estao  srga  Oy  pgr  oe  0*  rg^oro  'Ou'  rgs 
t-  pons  0*  '0sgr¥o-'  'gg,j  Oi'On  t^nagr  gi  s'  ng  ana  ^20  cw}if\irs 
■'  m-j'e'srgo  ag^giopmgn'  are  Summar • tea  •«  tr,s  appera.t 
’ *rg  .'Osg-tga  igan  a senarges  at  stream  geg  ng  stot  ons  >n  trg 

T.  r,  0 g^f  f,  j„g  ,f,g  esf.motga  pgd  d’Senorges  trg'  mo-j  a no¥0 
C<C^"0C  ' 'V  0t  s'  ng  Corps  0>  £ng  rtggrs  rgsg'rO-rs  rag  rtpt  pggr  n 
.'P0'C'  on  o'0  pfgs9~’gd  n ;v  fc  Cm  ng  'aowot'On 

08S£»VED  f'tAA  FS’  Mi’£:  P£  A« 

cOCA'  cN  :)'Scharg£  Cfs  Discharge  *f  . 


C eo*  o‘  fo* • *CT*;'  'A.  200 

*•5*  Co'T  a*  P->»*  0ryir  26,800 

iAi?5*  Po'«  Ot  Gfooo  pfo  T e 59.200 

Eim  r£>»*  leo*  CoffOi'*{>"  3.^00 

Tfio  »»  R .e>  Q'  Do'iqs  "^S.SOO 

East  Po'ii  0*  Ctonao'  35.000 

Tnn  ty  R ve’  r>eor  Rrss^*  56.000 

Tr-n  *y  R .*>  ^eo'  OoAoOoO  9i.800 

' iy  Rr«'0*fi’.e's0e  9^.  '^00 

R ,tr  ot  RO'T'CJrO'  93.000 


A6.  800 

“.a,  80 c 
68.  800 
'64.  lOO 
222.000 
4C.  830 
42.000 
■ 3’.  00 
•50.  500 
■25.  90C 


S ff0i0'¥O"  s.  unaer  "iroa  t-ga-gfst'ng  eonoit-orf"  ~eg>/'0’9a  'o  ot'O'n 
a scno’ges  eguo  to  et  s'^ng  (hot'rg,  copoc''  0s  / 'g'0'  to  tgt'  ' ona 
unag'  'mod'f‘0d-2O£O  conC't'Ons,'  to  ottam  O'scra'ges  eg^o,  to  propcsoo 
ooerot'ng  copac  t'os  as  sromn 


GAG  NG  STA'iOS 

PROPUSEO  OmANNEl 
capacity  CPS 

PPOROSEO  .UPIRAT 
OiSCMARGt  CPS 

C'#0'  *0»k  ot  P(Xt  Awl^ 

* 8.000 

6.000 

*e»t  ''or*  at  f^ort  Wo»lf> 

15.000 

12,000 

P»li  (J»  GfOt'A  PrOif'C 

15.000 

•2.000 

n 
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PLATf  33 


*»CTE  TOP  Of  f|.XIO  control  pool*  Ew  6 9 


rROANO>^  RESERVOH 


Iaubrey  reservo>r 


r.rT  OuTF.O'R  2020  CONDITIONS 


WLStRvOiR  ^EvElS-EtSTNG 
' COND'TtONj 

U 5490 - 


RESE«M>R  uEvEtS-2020  CONO*T(ONS' 


us  * ■ TOP 
i.iiiuST 


note  ..... 

UNDER  EXISTING  CONOrTiONS.  GRAPEviNE 
RESERVOIR  lEvEl  WOULD  RETuRN  TQ  TOP 
OF  CONSERVATION  POOL  . El  5b50.  ON 

SEPT  1^*7 


GA«ZA  little  ElM 
RESERVOIR 


IGRAPEVINE  RESERVOIR 


OLiTFC’W  {xiST.NG  conditions 


i*  GO’/a  . ” ^ 

Oat^  t>»eac'<9J  «'  'it  '1^0 
0t  >,'  ny  0'‘3  .'  . ITtf  ' <: 


0»v^’ 


,'A  .Ni 


lAoBREY  RESERVOIR 


U S AP^^Y 


■ AS  ♦••  *S 

nrsT«K  T.  fiWT 

•f  -.r+ftSA.  Of , Ms»r-.v 

.r  . X ^ / »- 


RESERVOIR  REGULATION 


FLOOD  OF  APRIL- JULY  1957 


lELM  FORK  Of  TR.^iT' 
I NEAR  CARROLLTON 


'"ND■T•n^«.  • ' 


y PES£*»vr  f'  lEVt.?  ^'.i»0  COND.^'ONS 


'NOfB  £<’5T>NG  ■ '^0<^0Ni  , GAR/A  _.TT,t 
Elm  RiSE»vO'«  lEvEc  Rf ’>  R%  ^0  TOP 

Of  C'-N5fRvAT  -ft*  POOL  . El  ^'5  l ON  AuGoST 
■'.  95''  ... 


GARZA-  little  elm 
RESERVOIR 


^ N*  1,PW  _t*‘§T<NO  CONO’T.(^ 


f ••  f w^*  -ifiii-iSftyilfiitS 


,fp.  ..  ^ ■,  , • . • 

I I 1 i ^'‘■.!  ' j i ■*•■>'■'■"  ' 

..  V r-  '«  •'■  ■ J 4 oviTJu.’*  ccN8''i.Q 


ENGINEERS 


otSEffVO'R  i-EV£l5  20^0  COND'T' :>NS 
OP  OP  PlOOG  COf^-'WX 
- POCu  €i  4^ 


TOP  OP  CONSERVATION 
POOL,  EL  469  0 . 2020 
C0NCTTt'5NS‘ 


RESER^iR  lEVElS-EkiS’  CONO'T'<>NS 
NOTE  UNDER  EXi ST-NG  COND-TiONS.  RESERVOIR 
^e.Ei  RETURNS  TO  tqp  OP  CONSERVATION 
POOL. El  4T20.0N  'EPT  1957 


CCNC'TiONiJ  1 i».WV  C PS.<Ex'ST<NG  cc^'T'ONS) 


lavon  reservoir 


oy’fi.0^  ST'NG  CONQl^ONi 


94f 


AC0 


U S ARM 


\or£S 

g9’>t'Q  or  $’>90' 

i ^>n<39'  ZOTKJ't-ori.  -tocsoi  'rOfr  LOrCr  •f9S9  rt>  > O'f  /« 

■r  * ■>g  ^Of>9t  >*9i9'*0  ' ora  Oo  <lff%'9i3'  O'  “>9  CrO'Hla  ^ J9 

yn'.  ^OfrOf  ’f0$9'¥O‘'  -yro  y 

J er  o'goa  La»or  ‘f9$9'rc  ' os  ■9i.>r'moix3o<3  ’opor’  t • »c 
ff9>  e»  of  ffopor'i  or  '■/-'>  *f  r»'  Ore  by’0'-9S.  ^9tas.  -Ot9'  V 
foit  ^of*  0a>9’sr9a . was  me  .aea  r »a»  SfS>9'r  of  'oseryv  's  <> 

9^  of  fre  f,  it  rg  i_0¥Or  f^9S9ryo-' 


GAGING  STATION 

PROPOSED  Channel 
CAPAC  CFS 

PROPOSED  OPfRA-r  NG 
O'SCmARGE  CFS 

TfrO  fy  R'v«f  0l  Delias 

».000 

aaooo 

Eos*  f-orii  ot  CfOndoM 

s.ooo 

5.000 

Tnnit»  Rive'  neO'  Rosse' 

32.000 

25.000 

TRiNiTY  R'V£R  AN[  ’ R'BU’Afi'ES,  'tuAS 

TRINITY  RIVER 

RESERVOIR  REGULATION 

flood  of  APRIL- JULY  t957 

i.AllS  *!■ 

msTi 


S *.  SMJ  • 


US  AHMV  fSv.'Nrr**  mS^R'i'L  rOR’  RORTm 
*ty«  vi  w\v.»i.«’s'r 


n - i?c 


U> 


PlATf  JS 


Levels  ehist'^g  condton^ 


TOP  FlOOC  contp' 


TOP  CON^ERyAJij^N 


CCNOiTiONS 

2\500  C FS  ^20_  CONOiT  ONS 


NAVARRO  MILLS  RESERVOIR 


iNF^OV»- EXISTING  conditions 
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102.  MINIMUM  INFILTPATION  INDICES.-  Previous  studies  of  initial 
losses  and  infiltration  indices  were  made  in  conjunction  with  the 
preparation  of  definite  project  reports  on  Benbrook,  Grapevine, 
Garza-Little  Elm  (Lewisville  Dam),  and  Lavon  Reservoirs,  and  the  Fort 
Worth  and  Dallas  Floodways;  interim  reports  covering  Richland,  Chambers, 
and  Cedar  Creeks,  and  Big  Fossil  Creek;  design  memoranda  covering 
Bardwell  and  Navarro  Mills  Reservoirs;  and  reviews  of  reports  covering 
the  East  Fork  and  West  Fork  watersheds.  Studies  were  also  made 
pertaining  to  the  Mountain  Creek  watershed  and  the  Trinity  River  Basin 
above  Tennessee  Colony  Damsite  and  submitted  to  the  Office,  Chief  of 
Engineers  with  letter  SWFGP  dated  February  17,  I96I,  subject  "Maocimum 
Probable  Floods,  Proposed  Reservoirs,  Trinity  River  Basin,  Texas." 

All  such  studies  were  brought  up-to-date  in  accordance  with  EM  1110-2- 
1405,  "Flood  Hydrograph  Analyses  and  Computations."  The  initial  loss 
and  infiltration  rate  for  the  area  above  each  of  the  major  upstream 
projects  was  based  upon  the  above  studies  and  adopted  for  use  in  the 
determination  of  spillway  design  flood  hydrographs  or  design  flood 
hydrographs  for  the  investigated  projects.  The  initial  losses  and 
infiltration  rates  adopted  for  the  major  reservoir  projects  on  the 
Trinity  River  Basin  above  the  Tennessee  Colony  Damsite  are  presented 
in  table  43.  Based  upon  the  studies  referred  to  above,  and  additional 
studies  made  in  connection  with  the  preparation  of  definite  project 
reports  for  projects  in  the  adjacent  basins  of  the  Neches  Rivers  and 
Buffalo  Bayou,  an  initial  loss  of  1.0  inch  and  an  infiltration  rate 
of  0.05  inch  per  hour  were  adopted  for  use  in  the  preparation  of  the 
spillway  design  flood  hydrograph  from  the  uncontrolled  land  areas 
above  the  Tennessee  Colony  Damsite. 

TABLE  43 

MINIMUM  INFILTRATION  RATES 


Reservoir  or  : 

reservoir  site  ; 

Initial  loss 
(inches) 

: Infiltration  rate 

: ( inch  per  ho\ir ) 

Bridgeport 

1.0 

0.10 

Eagle  Mountain 

1.0 

0.10 

Bcnbrook 

1.4 

0.10 

Lakeview 

1.0 

0.05 

Roanoke 

0.6 

0.10 

Grapevine 

0.6 

0.10 

Aubrey 

0.5 

0.05 

Garza-Little  Elm  (Lewisville  Dam) 

0.5 

0.05 

Lavon 

0.5 

0.05 

Navarro  Mills 

1.0 

0.05 

Bardwell 

1.0 

0.05 
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103.  roilT  HYDROGRAPH  STUDIES  AND  SYNTHETIC  UNIT  HYDROGRAPHS . - 
Unit  hydrograph  determinations  were  previously  made  in  conjunction 
with  the  preparation  of  the  reports  referred  to  in  paragraph  102, 
above.  Also,  unit  hydrograph  studies  pertaining  to  the  Mountain 
Creek  watershed  were  submitted  to  OCE  with  letter  SWFGP  dated 
November  29,  I960,  subject  "Unit  Hydrograph  Congjilation,  Mountain 
Creek  near  Grand  Prairie,  Texas.”  All  unit  hydrograph  data  were 
brou^t  up-to-date  in  accordance  with  EM  1110-2-l405.  Coefficients 
were  adopted  for  use  in  Synder's  equations  for  the  derivation  of 
6-hour  synthetic  unit  hydrographs  for  flow  into  full  reservoir  for 
each  of  the  resem/-oir  projects  above  Tennessee  Colony  Damsite  in 
accordance  with  data  presented  in  previous  reports  and  subsequent 
studies.  These  reservoirs  control  the  runoff  from  a total  drainage 
area  of  6,295  square  miles.  The  uncontrolled  drainage  area  of  6,392 
square  miles  above  the  proposed  Tennessee  Colony  Damsite  was  divided 
into  9 land  areas  e d the  195 -square  mile  reservoir  area.  Table  hk 

presents  the  coefficients  which  were  adopted  for  use  in  Snyder's  | 

equations  for  the  derivation  of  the  synthetic  6-hour  unit  hydrographs  I 

for  these  9 land  areas.  The  locations  of  these  areas  are  shown  on 
the  drainage  area  maps  of  plates  38  and  39- 

TABLE  44 


SYNTHETIC  UNIT  HYDROGRAPH  COEFFICIENTS 
FOR  UNCONTROLLED  AREAS 


Stream  and  description  of  area 

: Coefficients; 
: Ct  ! Cp64o  ; 

; D.  A. 

; (sq.ml. 

West  Fork  - Reservoirs  to  mouth  of  Elm  Fork 
Elm  Fork  below  Reservoirs  aid  Trinity  River  to 

1.5 

500 

823 

mouth  of  East  Fork 

1.8 

500 

715 

East  Fork  - Lavon  Dam  to  mouth 

Trinity  River  - Mouth  of  East  Fork  to  head  of 

2.0 

440 

532 

Tennessee  Colony  Reservoir 
Cedar  Creek  above  head  of  Tennessee  Colony 

2.9 

460 

645 

Reservoir 

Chambers  Creek  - Bardwell  Damsite  to  head  of 

4.5 

530 

764 

Tennessee  Colony  Reservoir 
Richland  Creek  - Navarro  Mills  Damsite  to  head 

3.0 

530 

871 

of  Tennessee  Colony  Reservoir 
Tehuacana  Creek  above  head  of  Tennessee  Colony 

3.0 

530 

542 

Resei-voir 

3.0 

530 

248 

Sraadl  tributary  areas  and  area  adjacent  to 
Resern'oir  (composite) 


3.0  530  1,057 


The  6-hour  synthetic  unit  hydrographs  described  above  are  given  in 
table  45.  Additional  synthetic  unit  hydrographs  were  developed 
for  incremental  areas  other  than  those  given  in  table  45  for  use  in 
connection  with  standard  project  flood  hydrographs  for  the  design  of 
floodways.  The  6 -hour  unit  hydrographs  for  the  uncontrolled  area  of 
the  Elm  Fork  and  the  incremental  areas  on  the  Trinity  River  from  the 
confluence  of  the  West  and  Elm  Forks  to  below  the  mouth  of  White  Rock 
Creek  ore  given  in  table  46 v The  synthetic  1-hour  unit  hydrographs 
used  in  computing  standard  project  floods  on  Duck  Creek  are  also  given 
in  table  46. 
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I04,  SPILLWAY  DESIGN  STORMS.-  The  spillway  design  floods 
previously  presented  in  definite  project  reports  for  Benbrook^  Garza- 
Little  Elm,  Grapevine,  and  Lavon  Reservoirs  were  based  on  probable 
maximum  storm  rainfall  values  determined  by  the  Hydrometeorological 
Section  of  the  United  States  Weather  Bureau  and  furnished  this  office 
by  OCE  letter  SPEWE  dated  February  11,  19^6,  subject  "Preliminary 
Estimates  of  Maximum  Possible  Storm  Precipitation  for  the  Upper  Trinity 
River,  Texas."  A summary  of  these  spillway  design  storm  data  is  given 
in  the  following  tabulation; 


: Dur  at  ion : Rainfall  ( inche  s ) : Rainfall 

excess(inches ) 

Reservoir 

:of  storm; 
; (hours)  ; 

Total 

: Maximum; 
: 6 -hours; 

Total 

: Maximum 
; 6 -hours 

Benbrook 

60 

28.2 

15.6 

21.5 

i4.7 

Garza-Little  Elm 
(Lewisville  Dam) 

60 

23.2 

11.0 

20.3 

10.7 

Grapevine 

60 

26.5 

14.1 

21.5 

13-5 

Lavon 

60 

26.2 

13-7 

23.3 

13.4 

105.  The  spillway  design  storms  adopted  in  the  present  report  for 
use  in  the  design  of  spillways  at  Lakeview,  Aubrey,  and  Roanoke 
Reservoirs,  and  for  testing  the  existing  spillways  at  Garza-Little  Elm 
and  Grapevine  Reservoirs  were  computed  following  a method  described 
in  the  U.  S.  Weather  Bureau  Hydrometeorological  Report  No.  33/  dated 
April  1956,  subject  "Seasonal  Variations  of  the  Probable  Maximum 
Precipitation  East  of  the  105th  Meridian  for  Areas  From  10  to  1,000 
Square  Miles  and  Durations  of  6,  12,  2k,  and  48  Hours."  Computations 
of  basin  shape  factors  for  each  reservoir  were  analyzed.  As  a result  of 
these  studies  a basin  shape  reduction  factor  of  ten  percent  was  used 
for  all  5 reservoir  projects.  Two  storm  patterns  were  considered  for 
Garza-Little  Elm  Reservoir.  One  pattern  assumed  the  storm  centered 
over  the  total  area  above  the  Garza-Little  Elm  Reservoir  and  the  other 
assumed  the  storm  centered  on  the  local  area  between  Aubrey  and  Garza- 
Little  Elm  Reservoirs.  Two  storm  patterns  were  likewise  considered 
for  Grapevine  Reservoir  - one  with  the  storm  centered  on  the  total  area 
and  the  other  with  the  storm  centered  on  the  area  between  Roanoke  and 
Grapevine  Reservoirs.  Routings  of  hydrographs  resulting  from  these 
storm  patterns  through  the  recommended  reservoirs,  indicated  that  at 
both  Garza-Little  Elm  and  Grapevine  Reservoirs  the  storm  centered 
over  the  local  area  was  more  critical  and  was  adopted  for  the  spillway 
design  storm.  Based  on  the  above  criteria,  the  total  rainfall  for  the 
design  storms  for  these  projects  was  as  follows:  Lakeview,  31.32  inches; 

Aubrey,  28.55  inches;  Roanoke,  28.88  inches;  Garza -Little  Elm,  26.33 
inches  (27.^5  inches  over  the  area  between  Lewisville  Dam  and  Aubrey 
Damsite  and  24.71  inches  above  Aubrey  Darasite);  and  Grapevine,  28.55 
inches  (33.82  inches  over  the  area  between  Grapevine  Dam  6ind  Roanoke 
Damsite,  and  27.77  indies  above  Roanoke  Damsite). 
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106.  The  spillway  design  storm  rainfall  for  Tennessee  Colony 
Reservoir  is  based  on  the  curves  furnished  with  letter  SWFGP  dated 
February  17,  1961,  subject  "Maximum  Probable  Floods,  Proposed  Reservoirs, 
Trinity  River  Basin,  Texas,"  and  reconimended  changes  in  indorsements 
thereto  as  approved  by  OCE.  The  storm  duration  of  48-hours  indicated 
on  the  referenced  curves  was  considered  inadequate  for  the  drainage 
area  above  Tennessee  Colony  Damsite.  Therefore,  the  duration  of  the 
spillway  design  storm  was  increased  to  108  hours,  based  on  the  area- 
depth  -duration  curves  of  the  June  27-July  1,  1899  storm  prepared 
in  connection  with  storm  study  CM  3-^*  Treinsposition  of  the  1899 
storm  over  the  basin  above  Tennessee  Colony  Damsite  produced  a 
basin  shape  factor  of  93  percent.  With  the  storm  centered  over  the 
uncontrolled  area  below  the  upper  Trinity  River  reservoirs,  and 
the  total  rainfall  determined  as  outlined  above,  the  average  depth 
of  rainfall  over  the  6,392  square  miles  of  uncontrolled  drainage  area 
was  25.13  inches.  The  rainfall,  loss,  and  rainfall -excess  for  the 
spillway  design  storms  described  in  the  preceding  paragraphs  are 
given  in  tables  4-7  and  48. 
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TABLE  w7 


h 

1.30 

-30 

1.00 

1.43 

5 

1.59 

0.30 

1.29 

a. 32 

6 

h.rs 

0.30 

k.U2 

15.87 

7 

18.58 

0.30 

18.28 

4.58 

8 

2.13 

0.30 

1.83 

1.72 

Total 

31-32 

3.10 

20.22 

28.88 

0.60 

0.83 

1.42 

0.60 

0.82 

0.60 

1.72 

2.17 

0.6c 

1.57 

0.60 

15.27 

15.43 

0.60 

14.83 

0.60 

3-98 

4.72 

0.60 

4.12 

0.60 

1.12 

1.73 

0.60 

1.13 

4.80 

24.06 

28.55 

4.80 

23.75 

6- 

hour 

period 


Design  storm  centered 
over  area  between 

Grapevine  Dan  and  Roanoke  Damslte 

. . r,  , it.  - Area  between  Grapevine  Dam 

Area  above  Roanoke  Damsite  , _ , _ . ^ 

: and  Roanoke  Pajosite 

; : 6-hour  : ~ : 

: Rainfall-:  increment  : tRainfall 

Loss  : excess  :of  rainfall:  Loss  : excess 

(inches) : Cinches)  : (inches) : ;(inohee); (inches) 


Design  storm  centered 
over  total  area 
above  Aubrey  Danslte 

Area  above  Aubrey  Danslte 
S^^hour  ! i 

increment  ; ;Ralnfa^ 

of  rainfall:  Loss  excei 

(inches)  : (inches) ; (inches 


1 

0.93 

0.60 

0.33 

0,88 

0.6c 

0.28 

0.92 

0.50 

0.142 

2 

1.00 

0.60 

0.40 

0.94 

0.6c 

C.34 

0.99 

0.30 

0.69 

3 

1.19 

0.60 

0.59 

1.04 

0.6c 

0.44 

1.17 

0.3c 

0.87 

U 

I.U7 

0.60 

0.87 

1.10 

0.60 

0.50 

1.37 

0.30 

1.07 

5 

2.25 

0.60 

1.65 

1.67 

0.60 

1.07 

2.30 

0.30 

2.00 

6 

1J*.49 

0.60 

13-89 

21.69 

0.60 

21.09 

4.72 

0.30 

4.42 

7 

4.67 

0.60 

4.07 

5.06 

0.60 

4.48 

15.48 

0.3c 

15.18 

3 

1.77 

0.60 

1.17 

1.42 

0.60 

0.82 

1.60 

0.30 

1.30 

Total 

27.77 

It. 80 

22.97 

33-82 

4.80 

29.02 

26.55 

2.60 

25.95 

Design  storra  centei'eil 
over  total  area 
• above  Lewisville  Pom 

...  ; Area  above  Lewisville  Dam 

p-’i’i  L?  ?i-iwur~^  ! 

'increment  ; :Rainfall- 

•of  mlnfall:  I»osb  excesa 

• (inches)  ; (inches) : (inches) 


Aren  above  Aubrey  Danslte 

5-hour  : ' " : 

1 nc  rement : : Rai nfc 

of  mlnfall;  Loss  : exoe 

(inches)  : (inches) ; (Inv'ht 


Design  storm  centered 
over  'irenbetween 

Lewisville  Dan  and  Aubrey  Danslte 
. ~ : Area  between  tewisvill' 

ibrey  Dnmi^lte  . and  Aubr..y  IVmbUe 
«T-hour 

iRainfOll-:  Increment  : :Rnl 

Loss  : excess  :of  rainfall:  loss  c 

nehes) ; (inv-hes)  : (Inches)  : (inches)  : (ir 


1 

0.95 

0.5c 

0.45 

1.00 

0.5c 

0.50 

0.90 

0.5c 

0.40 

2 

1.12 

0.30 

o.a? 

1.25 

0.30 

0.95 

1.03 

0.30 

0.73 

3 

1.17 

0.30 

0.87 

1.25 

0.30 

P.95 

1.13 

0.3c 

■'.83 

u 

1.4J4 

0.30 

1.14 

1.59 

0.30 

1.29 

1.33 

0.3C’ 

1.C3 

5 

2.97 

0.30 

2.67 

3.48 

0.30 

3.18 

2.50 

0.30 

2.20 

4.05 

0.30 

3.75 

3.6*4 

C.3C 

^4 

4.45 

0.3C 

*4.15 

U-.78 

0.30 

12.48 

10.40 

C.30 

10.19 

1 14 , 3f- 

: .30 

14. OP 

- 

1.85 

■:.30 

1.55 

0.  30 

1.71 

l.7< 

^ .3. 

1.43 

tal 

,'6.3^ 

2.60 

23. 

'4.71 

2.6t 

•V.ll 

27. 4'- 

'(4.B‘ 

?6.91  27.78  «t.63  22.9">  23-?5 


107.  SPILLWAY  DESIGN  FLOOD  HYDROGRAPHG. - The  spillway  design 
hydrographs  representing  flow  into  full  reservoir  were  determined 
for  Lakeview,  Roanoke,  Grapevine,  Aubrey,  and  Garza-Little  Elm 
Reservoirs  by  applying  the  appropriate  rainfall -excess  values  given 
in  table  47  to  the  appropriate  unit  hydrographs  given  in  table  45, 
and  adding  to  the  resultant  flood  hydrographs  the  runoff  from  the 
reservoir  surfaces  (assumed  at  a rate  equal  to  the  rate  of  rainfall). 
The  resulting  spillway  design  flood  hydrographs  have  peak  discharges 
of  372,400;  325^600;  and  483^100  second-feet  and  volumes  of  4l3;‘+00; 
780,000,  and  952,000  acre-feet  for  Lakeview,  Roanoke,  and  Aubrey 
Reservoirs,  respectively.  The  spillway  design  flood  hydrograph  for 
Lakeview  Reservoir  has  been  revised  subsequent  to  approval  by  OCE 

in  February  I96I  due  to  the  larger  basin  shape  factor  applied  to 
the  spillwac/'  design  rainfall.  The  spillway  design  flood  hvdrograph 
.sed  to  test  the  adequacy  of  the  existing  spillway  at  Grapevine 
'Reservoir  was  obtained  by  combining  the  flood  hydrograph  originating 
between  Grapevine  and  Roanoke  Reservoirs  with  the  outflows  from 
Roanoke  Reservoir  produced  by  passage  of  the  flood  originating  above 
Roanoke  Dansite.  This  flood  hydrograph  has  a peak  discharge  of 
375,000  second-feet  and  a volume  of  888,600  acre-feet.  The  spill wa;,' 
design  flood  hydrograph  used  to  test  the  adequacy  of  the  existing 
spillway  at  Garza-Little  Elm  Reservoir  (Lewisville  Dam)  was  obtained 
by  combining  the  flood  hydrograph  originating  between  Geirza-Little 
Elm  and  Aubrey  Reservoirs  with  the  outflows  from  Aubrey  Reservoir 
produced  by  passage  of  the  flood  originating  above  Aubrey  Reservoir. 
The  resulting  flood  hydrograph  has  a peak  discharge  of  856,900  second- 
feet  and  a volume  of  2,114,100  acre-feet. 

108.  In  determining  the  spillway  design  flood  for  Tennessee 
Colony  Reservoir,  the  initial  elevation  at  the  upstream  reservoirs 
was  established  under  the  assumption  that  the  standard  project  flood 
would  occur  prior  to  the  spillway  design  flood.  An  investigation 
showed  that  all  of  the  flood-control  storage  space  in  the  upstream 
Corps  of  Engineers  reservoirs  would  be  filled  by  this  antecedent 
flood.  Therefore,  an  initial  elevation  at  top  of  flood-control  pool 
was  adopted  for  all  Corps  of  Engineers  reservoirs  and  an  initial 
elevation  at  spillway  crest  was  adopted  for  the  Bridgeport  and  Eagle 
Mountain  Reservoirs.  There  are  local  interest  reservoirs  other 
than  Bridgeport  and  Eagle  Mountain  Reservoir  in  the  Trinity  River 
Basin  above  Tennessee  Colony  Reservoir.  'These  reservoirs  have  also 
been  assumed  full  in  determining  the  spillway  design  flood  for 
downstream  Corps  of  Engineers  reservoir  projects.  Also,  because  of 
the  uncertainty  as  to  the  plan  of  operation  for  these  local  interest 
reservoirs  and  based  upon  the  usual  operation  of  similar  structures 
in  the  past,  it  has  been  assumed  that  such  projects  (except  for 
Bridgeport  and  Eagle  Mountain  Reservoirs ) would  be  operated  so  that 
the  outflow  approximates  the  inflow  when  the  reservoirs  are  full . 

In  addition,  in  view  of  the  magnitude  of  the  spillway  design  flood. 
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no  modifications  of  flows  due  to  the  Soil  Conservation  Service 
reservoirs  has  been  assumed  during  its  passage.  The  spillway  design 
flood  hydrographs  for  incremental  areas  above  Tennessee  Colony 
Reservoir  were  obtained  by  applying  the  appropriate  spillway  design 
storm  rainfall -excess  values  given  in  table  48  and  to  the  appropriate 
unit  hydrographs  given  in  tables  45  and  46.  Where  these  incremental 
areas  included  reservoirs,  the  innoff  from  the  reservoir  surface 
(assumed  at  a rate  equal  to  the  rate  of  rainfall)  was  added.  The 
hydrographs  above  upstream  reservoirs  were  then  routed  through  these 
reservoirs,  the  outflows  progressively  combined  with  incremental 
downstream  hydrographs  and  routed  to  Tennessee  Colony  where  the 
hydrograph  was  further  increased  by  the  runoff  from  the  surface  of 
Tennessee  Colony  Reservoir.  The  resulting  spillway  design  flood 
hydrograph  for  flow  into  full  reservoir  at  Tennessee  Colony  Reservoir 
has  a peak  discharge  of  951^800  second-feet,  a volume  of  10,033^^00 
acre-feet  and  includes  an  estimated  base  flow  of  1,000  second-feet. 

109.  Spillway  design  flood  hydrographs  for  natural  flow  at  the 
damsites  were  also  computed  at  the  proposed  reservoirs.  The  peak 
discharge  for  natural  flow  at  Tennessee  Colony  Damsite  reflects  the 
modification  resulting  from  major  upstream  reservoirs  including 
Navarro  Mills  Reservoir  (under  construction)  and  Bardwell  Reservoir 
(authorized).  The  spillway  design  floods  for  natural  flow  at  Lake- 
view  and  Tennessee  Colony  Damsites  were  submitted  to  OCE  in  February 
1961  and  approved  by  OCE  in  April  I96I,  subject  to  certain  comments. 
In  accordance  with  these  comments,  the  24 -hour  rainfall  curve  was 
modified  and,  in  the  case  of  the  Lakeview  Reservoir,  a ten  percent 
reduction  factor  was  adopted  in  adjusting  the  storm  rainfall  for 
basin  shape.  These  changes  account  for  the  differences  between  peak 
discharges  at  Lakeview  and  Tennessee  Colony  Reservoirs  as  submitted 
to  OCE  in  February  I96I  and  those  presented  in  this  report.  The 
recommended  peak  discharges  for  natural  flow  at  the  damsites  are 
given  in  the  following  tabulation: 


SPILLWAY  DESIGN  FLOODS  - NATURAL  FLOW  AT  DAMSITES 


Reser/olr  : 

Peak  discharge 
(cfs) 

Lakeview 

341,700 

Roanoke 

313,600 

Grapevine  (with  Roanoke  in) 

327,300 

Aubrey 

438,900 

Garza -Little  Elm  (with  Aubrey  in) 

640,000 

Tennessee  Colony 

575,600 

no.  SPILLWAY  DESIGN  FLOOD  ROUTINGS.-  The  spillway  desig.: 
flood  hydrographs  for  flow  into  full  reservoir  were  routed  through 
the  recommended  reservoirs  assuming  that  the  reservoir  levels  at 
the  beginning  of  the  flood  would  be  at  the  top  of  the  flood-control 
storage.  These  routings  were  made  under  an  induced  surcharge 
storage  method  of  operation  for  the  gated  projects  and  utnized 
the  full  capacity  of  the  flood-control  outlet  works  at  each 
reservoir.  Spillway  design  flood  routings  were  made  under  the  above 
assun5>tlons.  The  resultant  maximum  design  water  surfaces  and  peak 
outflows  from  the  recommended  reservoirs  are  shown  in  the  following 
tabulation: 


Reservoir 

Maximum  design  : 
water  surface  : 
(ft-msl)  : 

Peak 

outflow 

(cfs) 

Lakeview 

538.8 

101,000 

Roanoke 

625.7 

297,000 

Grapevine  (with  Roanoke 

in)  583.9 

232,600 

Aubrey 

Garza-Little  Elm  (with 

640.3 

350,800 

Aubrey  in) 

556.6 

290,000 

Tennessee  Colony 

297.8 

556,000 

in.  The  spillway  design  flood  inflow -outflow  hydrographs  and 
reservoir  elevations  for  the  Lakeview,  Roanoke,  Grapevine,  Aubrey, 
Garza-Little  Elm,  and  Tennessee  Colony  Reservoirs  are  shown  on 
plates  40  through  1+5.  The  spillway  design  flood  hydrographs  for  flow 
into  full  reservoir  are  tabulated  on  table  ^9. 
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112.  GUIDE  TAKING  LINE. - The  guide  tahing  line  for  the 
recommended  reservoirs  has  been  based  upon  the  policy  for  real  estate 
acquisition  set  forth  in  Change  9,  dated  March  9>  1962,  of  EM  ^+05-2- 
150.  The  upper  guide  contour  has  been  established  at  three  feet 
above  the  top  of  flood-control  storage  at  all  reservoirs  except 
Roanoke  where  a freeboard  of  five  feet  was  used.  The  upper  guide 
contours  thus  established  have  been  adopted  throughout  the  entire 
reservoirs  areas.  More  detailed  studies  will  be  made  during  pre- 
construction planning  stages  to  evaluate  the  backwater  effects  on 
the  upper  reaches  of  the  reservoirs.  The  adopted  elevations  for  the 
upper  guide  contour  are  summarized  in  table  50. 

TABLE  50 

UPPER  GUIDE  CONTOUR  LEVELS 


Reservoir  : 

Upper  guide  contour 
( ft  -rasl ) 

Roanoke 

624,0 

Grapevine  (with  Roanoke  in) 

563-0 

Aubrey 

638.0 

Garza-Little  Elm  (with  Aubrey  in) 

535-0 

Lakeview 

531-0 

Tennessee  Colony 

288.0 

113.  RELOCATION  CRITEEIA.-  The  criteria  for  alterations  and 
relocations  is  based  on  the  maximum  elevation  of  the  50-year,  reservoir 
operation,  resulting  from  flood  occurences  on  a full  conservation 
pool  after  50  years  of  sediment  deposition,  plus  freeboard.  In  the 
upper  portions  of  the  main  part  of  a reservoir  and  on  tributary  arms 
the  foregoing  criterion  or  the  envelope  curve  of  the  backwater  profile 
for  the  50-year  reservoir  operation  plus  freeboard  will  be  adopted. 

For  the  purpose  of  this  report  the  same  elevations  adopted  for  the 
upper  guide  taking  line  in  paragraph  112  have  been  adopted  as  +be 
basis  for  relocation  estimates.  More  detailed  studies  will  be  made 
during  preconstruction  planning  stages. 

114.  FREEBOARD  REQUIREMENTS.-  Freeboard  requirements  for  the 
recommended  projects  were  determined  in  accordance  with  the  method 
set  forth  in  the  minutes  of  a "Conference  on  Determination  of  Free- 
board Requirements  for  McGee  Bend  Dam,  Angelina  River,  Texas,”  held 
in  the  Fort  Worth  District  Office  on  June  I5,  1956.  Computations 
for  wave  heights  and  wave  runup  were  based  on  the  computed  effective 
fetch  at  the  maximum  water  surface  for  each  reservoir  site.  The 
computed  wave  height  and  total  freeboard  for  an  overland  velocity  of 
40  miles  per  hour  (52  miles  per  hour  over  water)  was  adopted  as  a 
basis  for  design.  The  results  of  these  computations  are  summarized  in 
table  51. 
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TABLE  51 


FREEBOARD  REQUIREI-IEKTS 


Reservoir 

; Max. water 
; surface 
. elevation 
; (ft-.msl) 

Effective 
fetch 
(miles ) 

Total  : Total 

required  : freeboard 
freeboard:provided 
(feet)(l);  (feet) 

Elevation 
at  top 
of  dan 
(ft-msl) 

Roanoke 

625.7 

3-6 

i^.5 

5-3 

631.0 

Grapevine  (with  Roanoke 

in)  583.9 

4.0 

4.8 

4.1 

588.0(2) 

Aubrey 

Garza-Little  Elm  (with 

640.3 

5-6 

5-5 

5.7 

646.0 

Aubrey  in ) 

556.6 

7.3 

5.6 

3.^ 

560.0(2) 

Lakeview 

538.8 

2.9 

4.3 

5.2 

544.0 

Tennessee  Colony 

297.8 

9.2 

7.4 

7.2 

305.0 

(T)  Based  on  an  overland  wind  velocity  of  40  miles  per  hour  (52  miles  per 


hour  over  water)  and  computed  wind  tide. 

(2)  As  built. 

115.  The  freeboards  originally  provided  at  the  existing  Grapevine 

and  Garza-Little  Elm  Reservoirs  were  based  upon  spillway  design  storm 
rainfall  data  furnished  by  the  Hydrometeorological  Section  of  the  United 
States  Weather  Bureau  on  February  11  1916.  Under  these  spillway  design 

criteria,  the  freeboards  at  these  two  reservoirs  are  adequate  either 
with  or  without  the  Roanoke  and  Aubrey  Reservoirs  upstream.  However,  as 
indicated  in  table  5I,  when  the  spillway  design  storm  is  based  upon 
Hydrometeorological  Report  No.  33 f the  freeboards  available  at  Grapevine 
and  Garza-Little  Elm  Reservoirs  are  less  than  the  minimum  of  5 feet 
that  is  usually  considered  desirable  for  earthen  dams. 

116.  To  further  check  the  adequacy  of  the  freeboard,  spillway 
design  flood  routings  (based  upon  present  criteria)  were  made  for 
Grapevine  eind  Garza-Little  Elm  Reservoirs  with  the  initial  elevations 
established  at  the  macctmum  reservoir  levels  reached  in  period  of  record 
routings  for  the  flood  of  April -June  1957  under  2020  conditions  of 
watershed  development.  Under  these  routing  conditions,  the  maximum  water 
surfaces  produced  at  Grapevine  and  Garza-Little  Elm  Reseinroirs  were  at 
elevations  583-5  and.  553.2,  respectively,  and  would  provide  freeboards 

of  4.5  and  6.8  feet,  respectively.  Based  upon  the  foregoing  the 
available  freeboards  at  Grapevine  and  Garza-Little  Elm  Reservoirs  are 
considered  adequate. 

117.  HYDROLOGIC  NETWORK.-  It  is  proposed  to  supplement  the  existing 
rainfall  and  streamflow  stations  by  expanding  the  hydroclimatic  and 
hydrologic  reporting  networks  on  the  Trinity  River  Basin.  The  records 
and  reports  will  be  used  to  update  hydrologic  design  criteria  for  pre- 
construction planning;  in  connection  with  construction  activities;  to 
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prescribe  flood-control  regulations  for  the  reservoir  system;  and 
in  connection  with  the  navigation  project.  The  expanded  network  will 
include  inflow  and  outflow  stations  and  resejrvoir  level  gages  at 
each  reservoir  and  headwater  and  tailviater  gages  at  each  of  the 
navigation  locks  and  dams.  Evaporation  and  recording  rainfall  stations 
will  also  be  provided  at  each  of  the  recommended  reservoirs.  Construction 
of  the  recommended  multiple -purpose  channel  would  involve  relocation  of 
some  of  the  existing  stream-gaging  stations  as  well  as  establishment 
of  new  stations.  Additional  stream ■ f’aging  stations  will  also  be 
established  on  selected  tributaries  of  the  Trinity  River  downstream 
from  the  resei^oir  projects  to  assist  in  the  regulation  of  the  flood- 
control  storage.  Detailed  requirements  for  the  complete  hydrologic 
network  will  be  presented  in  connection  with  preconstruction  planning 
studies. 
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118.  DESIGN  STORM  FOR  FLOODWAY  AND  CHANNEL  IMPROVEMENT. - 
Standard  project  storms  were  developed  and  adopted  as  the  design 
storms  for  the  recommended  West  Fork  Floodway,  Elm  Fork  Floodway, 
extension  of  the  Dallas  Floodway,  and  the  channel  improvement  on 
Duck  Creek.  A standard  project  storm  was  not  developed  for  the 
Liberty  project.  In  lieu  thereof,  the  standard  project  flood 
hydrograph  was  assumed  equal  to  50  percent  of  the  probable  maximum 
flood  hydrograph.  Except  for  the  Liberty  project,  located  in  the 
lower  basin,  standard  project  storms  for  the  various  areas  studied 
were  determined  in  accordance  with  procedures  set  forth  In 
EM  1110-2-1  i;ll  (Civil  Works  Engineer  Bulletin  No.  52-8  dated 
March  26,  1952).  The  standard  project  storm  was  centered  at 
various  locations  on  the  West  Fork,  Elm  Fork,  Mountain  Creek,  and 
Duck  Creek  watersheds  to  obtain  the  most  critical  transposition. 

The  most  critical  transposition  with  respect  to  each  project  was 
then  adopted  as  the  design  storm  for  that  project.  The  adopted 
standard  project  storm  rainfall  and  rainfall -excess  used  to  deter- 
mine design  floods  for  the  West  Fork  Floodway,  Elm  Fork  Floodway, 
the  extension  of  Dallas  Floodway,  and  Duck  Creek  Channel  Improvement 
are  shown  in  table  52. 
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TABLE  52 

STANDARD  PROJECT  STORM  RAINFALL  AND  RAINFALL -EXCESS 


: Drainage:  Total  : : Rainfall - 

Incremental  area  : area  : rainfall:  Loss  : excess 

: ( sg. ml . ) : ( inches ) : ( inches ) : ( Inches ) 

Storm  centered  over  uncontrolled  area  of  West  Fork  watershed 
(Used  for  design  of  lower  West  Fork  Floodway  & Dallas  Floodway  Extension) 


West  Fork  Trinity  River  above 


Bridgeport  Dam  1 

,114 

11.15 

4.93 

6.22 

Bridgeport  Dam  to  Boyd  Damsite 

593 

11.83 

5.07 

6.76 

Boyd  Damsite  to  Eagle  Mtn  Dam 

267 

14.41 

5.44 

8.97 

Clear  Fork  Trinity  River  above 

Benbrook  Dam 

433 

12.19 

5.13 

7.06 

Mountain  Creek  above  Lakeview  Damsite 

272 

13.42 

3.39 

10.03 

Denton  Creek  above  Roanoke  Damsite 

6o4 

12.20 

5.13 

7.07 

Roanoke  Damsite  to  Grapevine  Dam 

90 

15.05 

5.52 

9.53 

Elm  Fork  Trinity  River  above  Aubrey 

Damsite 

682 

9.25 

2.98 

6.27 

Aubrey  Damsite  to  Lewisville  Dam 

976 

10.61 

3.17 

7.44 

West  Fork  uncontrolled  area 

823 

15.64 

7.16 

5.48 

Elm  Fork  uncontrolled  area 

226 

l4.l8 

6.83 

7.35 

Trinity  River  from  Elm  Fork  to 

Dallas  Gage 

40 

16.43 

3.66 

12.77 

Trinity  River  from  Dallas  Gage  to 

below  mouth  of  White  Rock  Creek 

173 

13.50 

3.42 

10.08 

Storm  centered  over  uncontrolled  ; 

area  of 

Elm  Fork 

watershed 

(Used  for  design  of  Elm 

Fork  Floodway) 

Denton  Creek  above  Roanoke  Damsite 

604 

11.60 

4.20 

7.40 

Roanoke  Damsite  to  Grapevine  Dam 

90 

15.20 

4.70 

10.50 

Elm  Fork  Trinity  River  above  Aubrey 

Damsite 

682 

12.90 

3.00 

9.90 

Aubrey  Damsite  to  Lewisville  Dam 

976 

13  40 

3.10 

10.30 

Elm  Fork  uncontrolled  area 

226 

18.30 

6.80 

11.50 

Storm  centered  on  Mountain  Creek  watershed  above  Lakevlew  Damsite 
(Used  for  design  of  West  Fork  Floodway  on  Mountain  Creek  below  Mountain 
Creek  Dam) 

Mountain  Creek  watershed  305  I6.U0  3-27  13*13 

Storm  centered  on  Duck  Creek  watershed  above  recommended  channel  improve- 
ment (Used  for  design  of  Duck  Creek  channel  improvement ) 

Duck  Creek  watershed  above  mouth  of 

Long  Branch  24.3  21. 40  3.20  18.20 
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119-  DESIGN  FLOOD  FOR  PROPOSED  FLOODWAYS  AND  CHANNEL 
IMPROVEMENTS.-  Stuaies  Indicated,  that,  for  a flood  of  the  magnitude 
of  the  standard  project  fl.ood,  the  highest  dischaj'ge  at  Liberty 
would  result  from  releases  from  Tennessee  Colony  Reservoir  rather 
than  from  floods  generated  on  the  area  between  Tennessee  Colony 
Damsite  and  Liberty.  Therefore.  50  percent  of  the  spillway  design 
flood  hydrograph  for  Tennessee  Colony  Reservoir  snown  in  table  49^ 
was  used  as  the  standard  project  flood  hydrograph  above  the 
reservoir.  A flood  hydrograph  was  also  developed  for  the  area 
between  Tennessee  Colony  Damsite  and  Liberty.  However,  because 
of  the  length  of  travel  time  from  Tennessee  Colony  Reservoir  to 
Liberty,  the  local  area  was  found  to  contribute  xlttle  flow  at 
the  time  that  maximum  releases  from  Temessee  Colony  Reservoir 
would  reach  Liberty.  The  standard  project  flood  hydrograph  for 
Duck  Creek  was  determined  by  applying  one-hour  increments  of  the 
appropriate  standard  project  storui  ralnfal.. -excess  shown  in  table  52 
to  the  appropriate  unit  hydrograph  shown  in  table  46.  The  standard 
project  flood  hydrographs  for  al,i  other  projects  considered  were 
obtained  as  follows.  Six-hour  increments  of  the  appropriate  standard 
project  storm  rainfall -excess  shown  in  tabie  52  for  the  areas  above 
upstream  reservoirs  and  for  increments  of  the  uncontrolled  drainage 
areas  between  the  upstream  reservoirs  and  the  projects  considered 
were  applied  to  the  respective  unit  hydrographs  shown  in  tables  45 
and  46  to  detevnine  standard  project  flood  hydrographs  originating 
on  each  Ircremer.tal  area.  Where  the  incremental  areas  included 
reservoirs,  the  runoff  from  the  reservoir  surface  'assumed  at  a rate 
equal  to  the  rate  of  rainfall ) was  aaded.  The  flood  hydrographs 
above  existing  and  proposed  reservoirs  were  routed  throu^  the 
reservoirs  and  the  outflows  and  hydrographs  for  incremental  downstream 
areas  were  progressively  combined  and  routed  downstream  to  the  site 
of  each  of  the  projects  considered.  A study  of  system  routings  of 
the  major  floods  on  the  basin  indicated  the  probable  occurrence  of 
a flood  antecedent  to  the  standard  project  flood  of  sufficient  volume 
to  fill  approximately  one-third  of  the  flood- control,  storage  provided 
in  the  reservoirs.  Therefore,  in  all  of  the  starideird  project  flood 
routings  referred  to  above,  it  was  assumed  that  the  flood-control 
pools  of  upstream'  reservoirs  wcuj.1  be  one-third  full  at  the  beginning 
of  the  star.dard  prc  ject  flood.  Peak  discharges  for  the  standard 
project  fxocl  for  the  recommended  floodway  and  charmel  improvement 
projects  are  shown  in  table  53  ar.d  the  hy'drographs  at  selected 
locations  are  shown  on  pla^'res  '+6  through  51. 
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TABLE  53 


DESIGN  FLOOD  DISCHARGES 
FLOODWAYS  AND  CHANNEL  IMPROVEMENTS 


Location 

Discharge 

(cfs) 

West  Pork  at  Fort  Worth  Gage 

95,000  (1) 

West  Fork  below  mouth  of  Big  Fossil  Creek 

117,700  (1) 

West  Fork  below  mouth  of  Village  Creek 

138,000 

West  Fork  at  Grand  Prairie  Gage 

148,000 

West  Fork  above  mouth  of  Mountain  Creek 

160,000 

Elm  Fork  at  Carrollton  (State  Hwy  ll4  bridge) 

58,000 

Elm  Fork  at  mouth 

61,000 

Trinity  River  at  Dallas 

163,800 

Trinity  River  below  mouth  of  White  Rock  Creek 

174,600 

Mountain  Creek,  Lakeview  Darasite  to  mouth 

59,000 

Duck  Creek  at  hesid  of  improvement 

21,500 

Duck  Creek  at  downstream  end  of  improvement 

40,700 

Trinity  River  at  Liberty 

180,000 

(l)  Standard  project  flood  discharges  previously  determined  in 
conju-nction  with  the  design  of  the  existing  Fort  Worth 
Fioodway  and  the  authorized  local  protection  project  on 
Big  Fossil  Creek. 
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120.  rne  sta.-'.dar  1 project  flood  oa£  aleo  adopted  as  tde  design  flocd 
for  all  tributary  cr.cianel  Impro'veinents  considered  in  connection  with 
the  West  Fork  and  Elm  Fork  Flocdways  and  the  Dallas  Floolway  Extension. 
These  tributaries  and  their  design  discnarges  are  given  in  the  following 
tabul at  ion 


Tr ibutary 

Main  Stem 

Approximate  : 
raul^  1 1 p*  e -purpose ; 
channel  mile 

Design 
discharge 
' cfs ) 

Five  Mile  Creek 

Trinity  R-.ver 

321.50 

63,500 

Honey  Springs  Branch 

t1 

326-^5 

4,100 

White  Rock.  CrecK 

•t 

326.62 

72,100 

Elm  Fork 

It 

330-60 

61 ,000 

Mountain  Creek 

Wes’-  Fork 

340.89 

59,000 

Delaware  Creek 

n 

541  . 20 

17.700 

Bear  Creex 

n 

346.83 

72,500 

Unnamed  Creek 

It 

355.13 

10.200 

Sulphur  Brarich 

t« 

356.08 

8.100 

Walker  Branch 

n 

359- ■'9 

25,000 

Unnaned  Creek 

tt 

361 .13 

1,090 

Big  Fossil  Creek 

It 

362.92 

52,000 

Little  Fossil  Creek 

It 

36  3 - 66 

17, '"OO 

White  LaJee  Outfall 

ti 

364 . 71 

2,000 

These  discharges  were  adopted  for  developing  backwater  profiles,  for 
establishing  the  grades  of  levees  and  overbank  fiix  areas,  and  for 
determining  the  sizes  of  proposed  flood-control  channels  and  floodway's. 

121.  SYTITHETIC  UNIT  HfDPOGPAPHS  - INTEP.lOP  DFAINAGE  AREAS.-  The 
unit  hylrcgraph  studies  for  the  Upper  Trinity  Piver  Basin  discussed 
In  paragraph  103  '^exe  used  as  a basis  for  t-ne  selection  of  Snyder's 
coefficients  used  in  the  development  of  syntnetic  one-hour  unit 
hydrograpns  for  interior  drainage  areas  of  the  recommended  West  Fork 
and  Elm  Fcrx  Flocdways  and  ext,ension  of  tne  Dallas  Fioodway.  The 
adopted  coefficients  for  the  interior  drainage  areas  are  as  follows- 
West  Fork  Fioodway  and  Dal.las  Flccdway  Ext^ension,  Ct  - O.9O  and 
Cp640  = 420;  Elm  Fork  Fioodway^  Ct  -1.0  and  Cp  - 450.  Unit  hydrograph 
studies  for  Buffalo  Bayou,  a tributary  of  the  San  Jacinto  River  which 
is  located  adjacent  to  the  Lower  Trinity  River;,  -were  used  as  a basis 
for  the  selection  of  Snyder's  coefficients  used  in  the  development  of 
synthetic  two-hour  unit  hydrographs  for  interior  drainage  areas  of  the 
recommenied  flooo  protection  for  the  city  of  Liberty,  Texas.  The  adopted 
coefficients  for  the  interior  drainage  ai’eas  ar-e  =•  3-0  arid  Cp  6h0  - 
300.  The  adopted  synthetic  unit  hylrographs  developed  from  the  foregoing 
coefficients  for  Interior  drainage  areas  for  the  West  Fork  and  Elm  Fork 
Floodways,  the  Dai.las  Fioodway  extension  and  the  city  of  Liberty  flood 
protection  project  are  shewr,  in  tables  54  through  57.  Plates  52  through 
58  show  the  locations  of  the  various  areas  considered 


1.1  -157 


1)  <L> 

<M  H hi, 
Id 


d &q 

ii 

•H 

0)  V, 

SdI  o 

d u 
,C  0)  Q 
o -p 
in  a 
•H  H 

Q I 


u^LP.  O O O LT\irN,  l/^Lr^LP^L^\0 
O C\J  O CM  ir\-d-  H t^-4"  M 
CMirNt—LTN.  OOCMr^H 


1^0  O L(^lr^lr^O  i/NO  itnO 
\^0O(3NC7NHMDit  C\JH 

rH  CM  rH  rH 


OOOLTNOOOOOOir'LrNirvO 
cOLPAOCMJ-OCOO-d  OCO"^.H 
HCM-=tLP-d-CMCMHH 


O CP.  O O LTN  IP  IP  iP  O LP  J'N  O O 
J-CT\COO-4(X)^\£)— ir^it  CMrH 
M it  it  Cm  ^ 


OOOOlpuP.  OOOlpOOlPO 
-4-CJNCMOpOHipOvOcpcmh 
CM 


OipOlpOOlplpOipOOOOOO 
cot^cpf-f-t—  C^OtP.  hOnmD-4-CMh 
M IP  O.  f-  -d-  CM  H H H 


OipOOOOlplpipOOOOO 
COP-COCTnOup.  — I PHt^LPCP.-i 
HCPf~'£>'^CMHH 


OipOOOlpOOOOlplpOOOO 

COitC-CMiPl'-COCMOCMP-CMCOLPCM 

HCMipaDr-ip^iiPCMrHH 


ipOOOOOipOlpipOOOlPipOOOOO 
C-CTNCOf-p-cpCDON'^-ir-iCMiPOO'^ONLPiYArH 
CMiP.  OCM'i^CMONC—vCLP.Pl-CPCM  H.-I 


00000001-  OOOOOOOOOO 
j-_,nPt~rt-^Ou'--  nP^f^Or-LPi^CMH 

r^CMlP,-,CJ^^PC'~CM.-(— I -I 


OOiPiPOiPOOOiT'O 
r--v£)  OnCO  O f-  IP  CP  H 
rH  cp  CM  -I  ,-l 


1 pQOOOOpOOO 
<1  COcSOPCOhp-^CM 


u 

pot:! 

O 

(U  -H 

6 c\j  ^ 

•H  a; 


LTNVOh-CX)OOr^OJ  LfNAOh-GOONO 

■HrHiHfHrHrH'H’H'Hr— iC\J 


11-158 


TABLE  55 

SYNTHETIC  ONE -HOUR  UNIT  HYDROGRAPHS  FOR  INTERIOR 
DRAINAGE  FACILITIES  - ELM  FORK 


Time  in  : 
1/2 -hour: 
periods  : 

Discharge  in 

second-feet 

A 

B 

Interior  drainage 
C D E 

area 

F 

G 

H 

1 

55 

50 

40 

50 

50 

50 

70 

70 

2 

200 

130 

110 

130 

no 

120 

160 

180 

3 

590 

260 

370 

270 

210 

250 

400 

470 

k 

385 

560 

700 

570 

480 

480 

720 

780 

5 

205 

950 

490 

800 

800 

800 

1,030 

600 

6 

155 

860 

270 

710  1 

^060 

1A30 

820 

420 

T 

100 

730 

180 

550 

980 

980 

610 

260 

8 

60 

560 

130 

400 

830 

810 

420 

190 

9 

4o 

440 

100 

300 

680 

660 

290 

l4o 

10 

20 

3^0 

70 

230 

540 

530 

230 

no 

11 

10 

260 

50 

190 

400 

410 

180 

80 

12 

0 

200 

30 

150 

290 

310 

150 

60 

13 

150 

20 

120 

240 

240 

120 

4o 

lU 

120 

10 

100 

190 

190 

90 

20 

15 

100 

0 

80 

160 

160 

70 

10 

16 

80 

60 

130 

120 

60 

0 

17 

60 

40 

no 

100 

40 

18 

40 

30 

90 

70 

20 

19 

30 

20 

70 

50 

10 

20 

20 

0 

50 

30 

0 

21 

10 

4o 

20 

22 

0 

20 

0 

23 

10 

24 

0 
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TABU  56 

SYNTHETIC  ONE -HOUR  UNIT  EYDROGRAPHS  FOR  INTERIOR 
DRAINAGE  FACILITIES  - DALLAS  FLOODWAY  EXTENSION 


Time  in  : 

Discharge 

in  second-feet 

1 /2-hour; 
periods  : 

A 

B 

Interior  drainage  area 
C-1  C-2 

D-1 

D-2 

1 

170 

60 

i6o 

50 

iC5 

40 

2 

450 

130 

500 

r50 

235 

9C 

3 

1,080 

380 

1 750 

360 

440 

19c 

4 

2,070 

675 

1 ,060 

19c 

800 

uoc 

5 

1,670 

5 35 

60c 

110 

1 ,230 

600 

6 

1,160 

355 

320 

70 

1 .150 

52c 

7 

820 

215 

200 

50 

920 

“^15 

8 

570 

150 

130 

40 

590 

0 

0 

9 

440 

105 

80 

30 

500 

205 

10 

360 

T5 

40 

20 

CD 

0 

140 

11 

310 

50 

20 

10 

305 

110 

12 

270 

30 

0 

0 

250 

90 

13 

220 

15 

205 

70 

14 

190 

0 

l60 

50 

15 

160 

125 

40 

16 

130 

90 

20 

17 

100 

55 

10 

18 

80 

C 

0 

19 

50 

20 

30 

21 

20 

22 


0 
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Time  in: 
2-hour  : 

Discharge 

in  second-feet 

periods: 

Big  Bayou 

: Clayton  Bayou 

1 

50 

4o 

2 

108 

104 

3 

ll+O 

175 

k 

128 

217 

5 

116 

223 

6 

98 

199 

7 

84 

169 

8 

70 

143 

9 

58 

117 

10 

48 

96 

11 

38 

78 

12 

28 

63 

13 

16 

48 

14 

8 

35 

15 

0 

24 

16 

14 

17 

5 

18 

0 
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122.  INITIAL  LOSSES  AND  INFILTRATION  INDICES  - INTERIOR  DRAINAGE 
AREAS.-  The  studies  of  initial  losses  and  infiltration  indices  for 
the  Upper  Trinity  River  Basin  previously  discussed  in  paragraph  102 
were  used  as  a basis  for  adoption  of  an  initial  loss  of  O.5  inch  and 
an  infiltration  index  of  O.O5  inch  per  hour  for  the  interior  drainage 
areas  of  the  West  Fork  and  Elm  Fork  Fl.oodways  and  the  Dallas  Fl.oodway 
extension.  An  initial  loss  of  1.0  inch  and  an  infiltration  index 

of  0.10  inch  per  hour  was  adopted  for  the  interior  drainage  areas 
for  the  flood  protection  at  Liberty,  Texas. 

123.  RAINFALL  INTENSITY -DURATION. - All-season  rainfall  intensity- 
frequency  curves  for  durations  of  from  one-half  to  twenty-four  hours 
for  the  U.  S.  Weather  Bureau  first-order  stations  at  Fort  Worth,  Dallas, 
and  Houston  are  shown  on  plates  59>  60,  and  6I  , respectively.  These 
curves  are  based  on  a frequency  analysis  developed  by  the  U.  S.  Weather 
Bureau  and  presented  in  Technical  Paper  No.  25,  ’’Rainfall  Intensity- 
Duration-Frequency  Curves,"  (December  1955 )■ 
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NOTE: 

Curves  based  on  a frequency  analysis  developed 
by  U.  S.  Weather  Bureau  in  Technical  Paper  No.  25, 
"Rainfall  Intensity -Duration-Frequency  Curves". 
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Technical  Paper  Number  25,  "Rainfall 
Intensity  -Duration  -Frequency  Curves  " 
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12^.  Rair.fail  intens2ty- frequency  studies  were  also  made  to 
determine  the  rainfall  of  100 -year  frequency  that  might  be  expected 
to  occur  coincident  with  river  flows  at  or  above  the  gate-closing 
stages  for  proposed  sluices  in  the  three  floodway  areas.  The 
recommended  operating  discharges  on  the  West  ForK,  Elm  Fork,  and  the 
Trinity  Fiver  at  Dallas  are  12.000.  12  000.  and  20,000  second-feet, 
respectively.  During  the  pasi,'age  of  .major  floods  these  flows  will 
be  experiencea  within  the  floodways  for  prolo.nged  periods  of  time. 

The  inverts  of  the  gravity  sluices  on  the  West  Foik  arid  the  Trinity 
River  at  Dallas  were  established  at  or  near  tne  flow-lme  elevations 
resulting  from  the  recommerded  operating  distnarges.  In  the  case  of 
the  Elm  Fork  a discharge  cf  8.000  second-feet  was  used  to  establish 
the  inverts  of  the  gravity  sluices;  however.,  this  will  be  adjusted 
during  preconstruction  pianning  stages  to  satisfy  flow  conditions 
for  12,000  second-feet.  The  stage  proauced  by  the  operating  discharge 
on  each  of  these  strearo.s  has  teen  a.ssumed  tc  be  tne  g.ate-closing 
stage  for  the  gravity  sluices.  The  periods  when  river  flows  were  at 
or  above  the  assumed  gate-closing  stages  in  each  of  the  three  flood- 
way areas  were  detenmned  from  hydrograpns  (as  modified  by  the  existing 
and  recommen-led  upstream  reservoirs)  at  Grand  Prairie,  Carrollton, 
and  Dallas  for  the  period  192ii-l957"  Tb^'  daily  increments  of  rainfall 
occurring  during  each  of  these  periods  of  gate  closure  were  determined 
from  observed  records  at  rainfall  stations  at  or  near  each  of  the 
three  floodway  areas.  Coincident  rainfall  intensity -frequency  curves 
on  the  West  Fork  (Grand  Prairie),  the  El.m  Fork  (Carrollton),,  and  for 
the  Dallas  Fl.oodway  extension  were  then  constructed  from  the  above 
data  in  accordance  with  the  graphical  method  set  forth  in  Civil  Works 
Engineer  Bulletin  52-24-,  dated  August  26.,  1962  ("Statistical  Methods 
in  Hydrology,"  by  Leo  R.  Beard).  Coincident  lOO-year  rainfall 
intensity  curves  for  the  West  Fork  and.  Elm  Fork  Floodways.,  and  tne 
Dallas  Fl.oodway  extension  are  shown  on  plates  62.  63.,  and  64, 
respectively.  Rainfall -frequer.cy  stuiaes  were  also  mad.e  to  determine 
the  rainfall  that  might  be  expecte-d  to  occur  coincident  with  river 
flows  of  35*000  second-feet  or  ro.ore  at  Liberty,  Texas.  During  the 
passage  of  major  floods,  flowe  of  35  . 000  ss.cond.-feet  or  more  would  be 
experienced  at  Liberty  .for  prolonged  periods  of  time.  The  above 
discharge  was  , t.herefo.re,  assuitied  t-5  produce  ri.ver  stages  at  which 
the  gravity  drainage  structures  would  be  closed  at  liberty.  The  periods 
when  river  flows  were  at  or  above  a discharge  of  35.,000  second-feet  were 
determined  from  hydxographs  (as  modified  by  exi5t.ina,  and  recommended 
upstream  reservoirs)  at  Pomayor,  Texas,  for  the  peiicd  1924-1957.  No 
frequency  analysts  was  made  at  the  liberty  gage,  because  this  gage  Is 
affected  by  tl-iai  conditions.  Tne  Romayor  gage  is  located  approximately 
50  river  miles  upstream  from  Liberty  with  only  a iiOO-squa.re  mile  reduction 
in  drainage  airea,;  it  was  therefore  concluded  that  information  relative 
to  flows  at  the  Roraavor  gage  was  appl.ioable  at  Liberty.  The  daily  i.ncre- 
ments  of  rainfall  occurring  di.iring  each  of  the  jerio-ds  of  flow  of  35 .*000 
second-feet  or  more  were  determined  from  recor-ds  of  observed  rainfall  at 
Liberty.  Texas.  A coincident  rainfall -frequency  curve  for  the  Trinity 
River  at  Liberty  was  then  constructed  from  the  above  data  in  accordance 
with  the  graphical  method  set  forth  in  Civil  Works  Engineer  B'uiletln 
52-24,  and  is  shown  on  plate  65. 
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RAINFALL  INTENSITY  IN  INCHES  PER  DAY 


125.  DESIGN  STORM  FOR  INTERIOR  DRAIMGE  FACILITIES.-  The  urban 
development  within  the  areas  to  be  protected  by  recommended  levees  on 
the  West  Fork,  Elm  Fork,  and  the  Dallas  Floodway  extension  consists 
principally  of  high-valued,  concentrated,  comaercial  or  industrial 
facilities  with  some  moderate  to  high-valued  residential  sections  in 
the  vicinity  of  the  Dal.las  Floodway  extension.  The  criteria  for 
design  of  interior  drainage  facilities  in  urb^  areas  are  set  forth 
in  a preliminary  manuscript  of  EM  1110-2-1 4lG  (Engineering  Manual, 

Civil  Works  Construction,  Part  CXIV,  Chapter  10,  dated  August  1955 ^ 
subject  "Interior  Drainage  of  Leveed  Urban  Areas").  In  accordance 
with  information  therein,  the  areas  to  be  protected  would  be 
classified  as  class  U-1  (urban  commercial,).  The  storm  resulting 
from  a 100-year  frequency  rainfall  has,  therefore,  been  adopted  as 
the  design  storm  for  proposed  gravity  drainage  facilities  on  the 
West  Fork  and  Elm  Fork  Floodways , and  the  Dallas  Floodway  extension. 

The  future  urban  development  anticipated  within  the  area  to  be 
protected  by  the  recommended  levee  on  the  Trinity  River  at  Liberty 
would  consist  of  moderate  to  high-valued  residential  areas  with  some 
commercial  and  industrial  sections.  In  accordance  with  the  criteria 
set  forth  in  the  above  referenced  engineering  manual,  this  area  would 
be  classified  as  class  U-2  (urban,  general).  Interior  drainage  from 
the  leveed  areas  would  pass  through  gated  outlet  structures  in  the 
levees  during  periods  when  gravity  drainage  is  feasible  and  by  pumping 
during  periods  when  the  flow  of  the  Trinity  River  is  at  or  above 
35,000  second-feet  at  Liberty.  The  excess  rainfall  resulting  from 
the  100-year  frequency  rainfall  has  been  adopted  as  the  design  storm 
for  proposed  gravity  drainage  facilities  at  Liberty  during  periods  of 
low  flows.  The  excess  rainfall  resulting  from  the  50-year  coincident 
rainfall  has  been  adopted  as  the  design  storm  for  pumping  facilities 
at  Liberty  during  periods  when  flows  of  35,000  second-feet  or  more 
6Lre  experienced  at  Liberty. 

126.  Plates  59  and  60  show  all-season  rainfall  intensity -frequency 
curves  for  Fort  Worth  and  Dallas,  respectively.  However,  for  a storm 

of  100-year  frequency  there  are  only  minor  differences  between  the 
Fort  Worth  and  Dallas  curves.  Therefore,  all -season  rainfall  of  100-year 
frequency  has  been  determined  utilizing  the  Dallas  curves  and  adopted 
for  the  design  of  gravity  drainage  facilities  at  the  recommended  Upper 
Trinity  River  floodway  projects.  The  incremental  rainfall  amounts 
based  upon  the  curves  of  plate  60  have  been  arranged  substantially  in 
accordance  with  the  criteria  presented  on  plates  10  and  11  of  EM  1110- 
2-1 4ll  ("standard  Project  Flood  Determinations").  An  initial  loss  of 
0.50  inch  and  an  infiltration  index  of  O.O5  inch  per  hour  were  used  in 
determining  the  rainfall -excess.  The  rainfall  amounts  at  Liberty 
were  distributed  in  a similar  manner.  The  losses  given  in  paragraph  122 
were  used  in  determining  the  rainfall -excess  at  Liberty.  The  100-year 
all-season  rainfall  and  rainfall -excess  adopted  for  the  design  of 
gravity  drainage  facilities  are  shown  in  tables  58  and  59. 
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TABLE  58 

DESIGN  STORM  RAINFALL  & RAINFALL -EXCESS  FOR  GRAVITY  DRAINAGE  FAdLITLES 

UPPER  TRINITY  RIVER  BASIN 
100 -YEAR  FREQUENCY 


Time  in 
1 -hour 
periods 

: Rainfall 

: (inches) 

Loss  : 

(inches)  : 

Rainfall - 
excess 
(inches ) 

1 

0.01 

0.01 

0 

2 

0.02 

0.02 

0 

3 

0.03 

0.03 

0 

k 

0.04 

C.04 

0 

5 

0.05 

0.05 

0 

6 

0.06 

0.06 

0 

7 

0.13 

0.13 

0 

8 

0.l4 

0.,l4 

0 

9 

0.15 

0.07 

0.08 

10 

0.16 

0.05 

0.11 

11 

0.17 

0.05 

0.12 

12 

0.20 

0.05 

0.19 

13 

0.28 

0.05 

0.23 

14 

0.64 

0.05 

0.99 

15 

1.35 

0.09 

1.30 

16 

3.87 

C.05 

3.82 

17 

0.90 

0.05 

0.89 

18 

0.35 

0.09 

0.30 

19 

0.12 

0.09 

0.07 

20 

0.11 

0.09 

0.06 

21 

0.10 

0.09 

0.09 

22 

0.09 

0.09 

0.04 

23 

0.08 

0.09 

0.03 

24 

O.O'^ 

0.09 

0.02 

Total. 

9.12 

1.30 

7.82 

TABLE  59 


DESIGN  STORM  RAINFALL  AND  RAINFALL-EXCESS 
FOR  GRAVITY  DRAINAGE  FACILITIES  - LIBERTY 
100 -YEAR  FREQUENCY 


Time  in 
2 -hour  : 

periods  : 

Rainfall 
(inches ) 

Loss 
( inches ) 

Rainfall - 
excess 

: ( inches ) 

1 

0.10 

0.10 

0 

2 

0.l4 

0.l4 

0 

3 

0.18 

0.18 

0 

4 

0.26 

0.26 

0 

5 

0.40 

0.32 

0.08 

6 

0.62 

0.20 

0.42 

7 

1.80 

0.20 

1.60 

8 

6.00 

0.20 

5.80 

9 

1.00 

0.20 

0.80 

10 

0.50 

0.20 

0.30 

11 

0.30 

0.20 

0.10 

12 

0.22 

0.20 

0.02 

Total 

11.52 

2.4o 

9.12 

127.  DESIGN  FLOOD  CRITERIA  FOR  INTERIOR  DRAINAGE  FACILITIES. - 
The  interior  drainage  areas  that  will  be  created  by  construction  of 
the  recommended  levees  are  shown  on  plates  52  throu^  58.  The  design 
flood  hydrograph  for  gravity  drainage  of  each  interior  drainage  area 
was  obtained  by  applying  the  rainfall -excess  values  shown  in  tables 
58  and  59  to  the  appropriate  unit  hydrograph  for  each  area  shown 

in  tables  54  through  57* 

128.  Gate-closing  stage  for  each  interior  drainage  area  was 

established  as  set  forth  in  paragraph  124.  Sufficient  sump  storage 
has  been  provided  in  each  interior  drainage  area  of  recommended 
floodways  on  the  Upper  Trinity  River  Basin  to  store  the  runoff 
resulting  from  the  100-year  frequency  storm  rainfall  that  would 
Occur  coincident  with  the  gate -closing  stages  on  the  individual 
streams  without  exceeding  the  damaging  stage  in  each  sump  area.  The 
capacity  of  the  proposed  sumps  was  established  as  follows:  The 

coincident  rainfaill  intensity  curves  described  in  peiragraph  124 

and  shown  on  plates  62,  63>  and  64  were  used  to  determine  the  100- 
year  storm  rainfall,  which  was  then  arranged  substantially  in 
accordance  with  the  criteria  presented  on  plates  10  and  11  of 
EM  1110-2-1 4ll.  Application  of  an  infiltration  rate  of  O.O5  inch 
per  hour  to  the  storm  rainfall  produced  runoff  within  the  interior 
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drainage  areas  of  the  West  Fork  and  Elm  Fork  Floodways  and  Dallas 
Floodway  extens:.on  of  3-l^>  and  5«18  inches,  respectively. 

Sufficient  sump  and  pump  capacity  has  been  provided  in  the  Big 
Bayou  and  Clayton  Bayou  interior  drainage  areas  of  the  Liberty 
project  to  handle  the  runoff  resulting  from  the  50-year  storm 
rair.faill  that  would  occur  coincident  with  gate-closing  stages 
without  exceeding  the  damaging  stages  within  the  two  sump  areas. 

The  coincident  rainfall  intensity  curve  shown  on  plate  65  was  used 
to  determine  the  50“yea’i’  storm  rainfall  and  an  arrangement  was 
adopted  similar  to  that  used  for  the  Upper  Trinity  River  local 
protection  projects.  Application  of  an  infiltration  rate  of  0.10 
inch  per  hour  to  the  storm  rainfall  produced  runoff  of  3-T5  inches. 

129-  Utilizing  the  sun^  and  pump  capacities  established  by  the 
methods  set  forth  in  the  preceding  paragraph,  each  gravity  sluice 
was  then  sized  to  pass  the  design  flood  hydrograph  resulting  from 
100-year  all-season  rainfall  (see  paragraph  125)  with  free  discharge 
at  the  outfall  without  exceeding  the  minimum  damaging  stage  within 
the  sump  areas.  Tables  60  through  63  summarize  pertinent  data  for 
each  interior  drainage  area  on  the  West  Fork,  Elm  Fork,  Dallas 
Floodway  extension,  and  at  Liberty,  respectively. 

TABLE  60 

WEST  FORK  INTERIOR  DRAINAGE  AREAS  - PERTINENT  DATA 


Area 

designation 

Drainage 
area 
(square 
miles ) 

Recommended 
gravity  sluices 
: Number 
Invert  : and 
elevation:  size 
(ft-msl)  :(feet) 

: Recommended  sump 

: : : Capacity 

: : : at 

: Bottom  : Damaging: damaging 
: elevation:  stage  : stage 
:( ft-msl)  : (ft-msl): (ac-ft) 

A 

1.35 

399.0 

1-5x5 

398.0 

415 . 0 450 

B-1 

1.05 

399.0 

1-4x4 

398.0 

422.0  350 

B-2 

3.62 

401.0 

1-6x6 

400.0 

422.0  1,150 

C 

7. 81 

399.0 

2-6x6 

398.0 

426.0  2,350 

D 

3.55 

427.0 

1-6x6 

426.0 

456.0  1,100 

E 

2.33 

455.0 

1-5x5 

454.0 

477.0  750 

F 

3.05 

455.0 

1-6x6 

454.0 

474.0  1,000 

G 

1.84 

455.0 

1-4x4 

454.0 

478.0  600 

H 

1.73 

483.0 

1-6x6 

482.0 

495.0  550 

I 

2.07 

483.0 

1-6x6 

482.0 

500.0  650 

J 

0.77 

483.0 

1-4x4 

482.0 

500.0  250 

K 

2.29 

483.0 

1-5x5 

482.0 

505.0  700 
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TABLE  6l 


ELM  FORK  iriTERIOR  DRAINAGE  AREAS  - PERTINENT  DATA 


Area 

designation 

Drainage 
area 
(square 
miles ) 

Recommended 
gravity  sluices 
: Number 
Invert  : and 
elevation:  size 
( ft -msl ) : ( feet ) 

Recommended  sump 

: : Capacity 

: : at 

Bottom  : Damaging: damaging 
elevation:  stage  : stage 
( ft  -msl ) : ( f t -msl ) : ( ac  -ft ) 

A 

l.kl 

401.0 

3-5x5 

400.0 

415.0  250 

B 

h.6l 

401.0 

6-5x5 

400.0 

4l6.0  800 

C 

1.99 

405.0 

3-5x5 

404.0 

421.0  350 

D 

3.72 

406.0 

3-6x6 

405.0 

423.0  650 

E 

5.84 

408.0 

5-6x6 

407.0 

425.0  1,000 

F 

5.82 

411.0 

5-6x6 

410.0 

430.0  1,000 

G 

4.25 

417.0 

5-5x5 

4l6.0 

435.0  750 

H 

2.66 

4l8.0 

3-6x6 

417.0 

437.0  460 

TABLE  62 

DALLAS  FLOODWAY  EXTENSION 
INTERIOR  DRAINAGE  AREAS  - PERTINENT 

DATA 

Area 

Drainage ; 

Recommended 
gravity  sluices 
: Number 

Recommended  surgp 

: : Capacity 

: : at 

designation 

eirea  : 
(square  : 
miles)  : 

Invert 
elevation 
( ft  -msl ) 

: and 
: size 
: (feet) 

Bottom 
: elevation 
( ft  -msl ) 

Damaging: damaging 
stage  : stage 
( ft -msl ) : ( ac -ft ) 

A 

7.99 

375.0 

5-6x6 

374.0 

385.0  2,250 

B 

2.15 

375.0 

3-5x5 

374.0 

385.0  620 

C-1 

3-77 

375.0 

4-5x5 

374.0 

390.0  1,100 

C-2 

0.84 

375.0 

1-4x4 

374.0 

400.0  250 

D-1 

5.84 

375.0 

3-5x5 

374.0 

390.0  1,800 

D-2 

2.55 

375.0 

1-5x5 

374.0 

390.0  800 
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TABLE  63 

LIBERTY  INTERIOR  DRAINAGE  AREAS  - PERTINENT  DATA 


: Reconnnended 

Recommended  sump 

; gravity  sluices 

: Capacity 

Area 

designation 

Drainage • - Number 

area  : Invert  : and 
(square  : elevation:  dia. 
miles ) : ( ft -msl ) : ( feet ) 

Recommended 

pumping 

capacity 

S-P-ni- 

: at 

Maximum : maximum 
stage  : stage 
( f t-m^) : ( ac  -ft ) 

Big  Bayou 

3.07 

12.6 

4 

- 6 

40,000 

18.6 

400 

Clayton  Bayou 

5-^3 

5-3 

T 

- 6 

150,000 

11.3 

290 

CHANNELS 


130.  GENERAL.-  Three  basic  requirements  must  be  met  in  the 
design  of  the  channels  on  the  Trinity  River  and  tributaries.  These 
requirements  are  navigation,  reservoir  regulation,  and  flood  control. 

A channel  for  navigation  wo\ild  be  of  sufficient  depth  and  width  to 
accommodate  the  modem  barge  navigation  required  to  transport  the 
prospective  commerce  on  the  canal.  Channels  for  reservoir  regulation 
purposes  would  be  of  sufficient  capacity  to  pass  such  reservoir  releases 
as  were  necessary  to  accomplish  evacuation  of  the  flood-control  storages 
in  upstream  reservoirs  within  a 30  to  40-day  period.  The  objective 
with  regard  to  flood  control  for  agricultural  areas  wovild  be,  when 
economically  feasible,  to  provide  50-year  protection  against  floods 
originating  on  the  uncontrolled  areas  below  upstream  reservoirs. 

131.  Channel  capacities  on  the  Trinity  River  below  Dallas  vary 
from  about  9^000  second-feet  in  the  vicinity  of  Rosser,  up  to  53,000 
second-feet  in  the  vicinity  of  Riverside,  and  then  down  to  20,000 
second-feet  in  the  vicinity  of  Liberty.  Under  present  conditions  of 
watershed  development,  with  the  existing  reservoirs  in  operation, 
flows  at  or  above  bankfull  capacity  originating  from  runoff  on  the  un- 
controlled area  are  experienced  on  an  average  of  once  a year  at  Rosser 
and  Liberty,  and  once  about  every  4 years  at  Riverside.  Each  year  the 
operation  of  flood-control  reservoirs  in  the  Upper  Trinity  River  Basin 
points  up  the  deficiency  of  channel  capacity  prevalent  in  streams 
below  the  reservoirs.  As  a result  of  this  channel  deficiency,  flooding 
is  frequently  produced  by  the  occurrence  of  storms  over  the  uncontrolled 
area  and  regulated  flood  releases  from  the  reservoirs  must  be  reduced 

or  stopped  entirely  in  order  to  keep  flooding  at  a minimum.  Thus,  the 
effectiveness  of  the  flood-control  storage  in  upstream  reservoirs  is 
seriously  impaired.  The  problems  of  flood  control  and  reservoir 
regulation  have  been  magnified  by  increased  economic  development  in 
the  flood  plains.  In  addition  to  damages  produced  directly  by  overflow  , 
from  the  Trinity  River,  serious  losses  in  numerous  levee  districts 
are  sustained  from  interior  flooding  attributable  to  the  inability  of 
drainage  structures  to  discharge  local  runoff  into  the  river  during 
high  stages.  Further  details  of  these  problems  and  the  requirements 
necessEiry  for  their  correction  are  set  forth  in  the  following 
paragraphs . 

132.  NAVIGATION  CHANNEL.-  Channel-size  formulation  studies  for 
navigation  show  that  a channel  having  a depth  of  12  feet  and  a bottom 
width  of  150  feet  would  be  the  most  economical  for  modem  barge 
navigation  required  to  transport  the  prospective  commerce  on  the  canal. 
However,  the  conveyance  capacity  of  such  a navigation  channel  would 

be  inadequate  to  appreciably  reduce  the  water  surface  elevation  of  the 
Trinity  River  during  major  floods  and,  therefore,  would  not  alleviate 
flooding  in  the  problem  areas.  Also,  the  limited  conveyance  capacity 
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of  the  navigatiori  channel  would  not  he  of  sufficient  capacity  for 
the  anticipated  operating  discharges  required  to  evacuate  the 
flood-control  storages  of  the  multi-purpose  reservoir  system  within 
a reasonable  period  after  a major  flood.  Since  channel  requirements 
for  flood  control  and  reservoir  regulation  generally  exceed  the 
requirements  for  the  navigation  channel,  no  further  consideration 
has  been  given  to  the  requirements  for  navigation  only. 


133.  CHAIIJEL  REQUIREMENTS  FOR  RESERVOIR  REGULATION.-  In 
establishing  channel  capacities  for  reservoir  regulation  purposes, 
consideration  was  given  to  the  period  required  for  the  evacuation  of 
flood-control  storages  from  upstream  reservoirs.  The  retention  of 
flood-storage  accumulations  in  the  reservoirs  reduces  their  ability 
to  control  succeeding  floods.  Consequently,  an  Increase  in  downstream 
channel  capacities  would  make  higher  releases  possible,  would  reduce 
the  emptying  time,  and  thus  provide  a more  effective  utilization  of 
the  flood-control  capacity  in  the  reservoirs.  An  emptying  time  of 
from  30  to  i+O  days  is  considered  desirable  for  reservoirs  in  the 
Trinity  River  Basin. 

13^.  A channel  deficiency  presently  exists  on  the  East  Fork 
where  the  capacity  is  only  5OO  to  1,200  second-feet,  although  under 
the  present  plan  for  Lavon  Reservoir,  regulation  is  made  to  2,000 
second-feet  on  the  East  Fork  downstream  from  the  dam.  However,  a 
channel  capacity  of  5 >000  second-feet  has  been  recommended  in  the 
"Review  of  Reports  on  Trinity  River  and  Tributaries,  Texas,  Covering 
the  East  Fork  Watershed,"  dated  November  1,  I96I.  Another  critical 
area  is  on  the  Trinity  River  in  the  vicinity  of  Rosser  where  the 
existing  channel  capacity  is  only  9>000  second-feet.  Under  the 
present  plan  of  regulation  for  the  Upper  Trinity  River  reservoirs, 
regulation  is  to  13,000  second-feet  at  Dallas  and  this  discharge, 
when  combined  with  the  previously  recommended  5,000  second-feet  on 
the  East  Fork,  would  produce  a regulated  flow  of  18,000  second-feet 
at  Rosser.  Under  the  plan  of  improvement  set  forth  in  this  report, 
the  recommended  Lakeview  Reservoir  would  contribute  an  additional 
L,000  second-feet,  thereby  increasing  tlie  regulation  at  Dallas  and 
Rosser  to  17,000  and  22,000  second-feet,  respectively.  On  the 
Trinity  River  below  the  recommended  Tennessee  Colony  Reservoir  the 
minimum  bankfull  capacity  is  20,000  second-feet  in  the  vicinity  of 
Liberty. 


135*  During  flood  periods  releases  from  the  Corps  uf  Engineers 
reservoirs  will  be  augmented  by  releases  from  local  interest 
reservoirs  and  by  uncontrolled  releases  from  Soil  Conservation  Service 
reservoirs.  Among  local  interest  reservoirs,  the  system  of  reservoirs 
on  the  West  Fork  above  Fort  Worth  will  probably  make  the  largest 
contribution.  During  the  1957  floods  Lake  Worth  spilled  for  over  2 months 
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with  the  daily  spills  averaging  about  5,000  second-feet.  Investigations  j 

based  upon  preliminary  data  indicate  that  the  combined  releases  from  j 

existing  and  proposed  Soil  Conservation  Service  reservoirs  on  the  West  j 

Fork  of  the  Trinity  River  upstream  from  Dallas  vill  be  about  2.000  1 

second-feet  with  an  additional  contribution  of  about  3^000  second-feet 
between  Dallas  and  Rosser.  A similar  Investigation  of  the  area  below 
Tennessee  Colony  Reservoir  indicates  that  combined  releases  from  Soil 
Conservation  Service  reservoirs  in  this  area  will  amount  tc  about 

A, 000  second-feet  plus  an  additional  spill  from  the  long-range  water  i 

supply  reservoirs  of  about  6,000  second-feet.  ! 

i 

1 

136.  As  set  forth  in  paragrapn  13^>  the  present  operating  dis-  j 

charges  at  Dallas  and  Rosser,  wnen  corrected  for  releases  from  the 
recommended  Laikeview  and  enlar-ged  Lavon  Reservoirs,  would  increase 
the  regulation  at  Dallas  and  Rosser  to  17,000  and  22,000  second-feet, 
respectively.  Further  increase  in  the  channel  capacities  by  7 ,00Q 
second-feet  at  Dallas  and  10,000  second-feet  at  Rosser  would  provide 
additional  capacity  for  releases  from  other  reservoirs,  as  set  forth 
in  paragrapn  135-  The  required  channel  capacities  for  reservoir 
regulation  would  then  be  24,000  ar,d  32,000  second-feet  at  Dallas  arjd 
Rosser,  respectively.  A channel  capacity  of  about  35,000  second-feet 
would  be  required  below  Tennessee  Colony  Reservoir  for  flood-control 
releases  from  that  reservoir.  The  additional  contribution  of  4,000 
second-feet  from  downstream  Soil  Conservation  Service  reservoirs  plus 
the  6,000  second-feet  from  the  long-range  water  supply  reservoirs  (see 
paragraph  135 j would  bring  the  total  channel  capacity  required  for 
reservoir  regulation  on  the  Lower  Trinity  River  to  45,000  second-feet. 

137*  Based  on  the  data  presented  in  paragraphs  133  through  136, 
it  is  concluded  that  the  channel  capacities  shown  in  table  64  would 
meet  the  combined  requirements  for  reservoir  regulation.  The  existing 
channel  capacities  and  the  recommended  operating  discharges  are  also 
shown  in  table  64.  Flood  routing  studies  made  for  this  report  were 
based  on  a regulation  to  only  8 000  second-feet  (existing  charuiel 
capacity)  on  the  Elm  Fork  at  Carrollton.  The  recommended  charinel 
capacity  was  subsequently  increased  to  15,000  second-feet  wit,h  a 
recommended  operating  discharge  of  12,000  second-feet  a*  Carrollton. 

Since  the  operating  discharge  of  20,000  second-feet  at  Dallas  would 
not  be  changed,  the  principal  effect  of  the  additional  channel  capacity 
on  the  Elm  Fork  would  be  to  provide  for  an  increase  in  flood  releases 
from  the  reservoirs  on  the  Elm  Fork  watershed  sind  a reduction  in  those 
from  Benbrook  and  Lalceview  Reservoirs  on  the  West  Fork  watershed.  Such 
a regulation  would  generally  affect  only  the  recession  side  of  the 
modified  hydrographs  downstream  and  would  have  little,  if  any,  effect 
on  modified  peak  discharges  below  the  reservoirs.  For  this  reason, 
further  routings  are  not  considered  necessary  for  the  purposes  of  this 
report . 


11-186 


TABLE  6k 


CHANNEL  REQUIREMENTS  FOR  RESERVOIR  REGULATION 


Reach 

: Average  min.  : 
rbankfull  capa-i 
: city -existing: 
; (cfs) 

Recommended  : 
channel 
japacity  : 
(cfs)  : 

Recommended 

operating 

discharge 

(cfs) 

Clear  Fork  Trinity 
West  Fork  Trinity 

8,000 

8,000 

6,000 

Fort  Worth  to  mouth  of  Elm  Fork  J,000 
Mountain  Creek 

15,000 

12,000 

Lakeview  Damsite  to  mouth 
Elm  Fork  Trinity 

4,000 

4,000 

4,000 

Denton  Cr,  Grapevine  Dam  to 
Elm  Fork,  Lewisville  Dam  to 

mouth  6,000 

7,000 

6,000 

Carrollton  Gage 
Carrollton  Gage  to  mouth  of 

8,000 

Elm 

10,000 

8,000 

Fork 

Trinity  River 

8,000 

15,000 

12,000(1) 

Dallas  Gage 
East  Fork  Trinity 

13,000 

25,000 

20,000 

Forney  Damsite  to  mouth 
Trinity  River 

500-1,200 

5,000 

5,000 

Rosser  Gage 
Richland  Creek 

9,000 

32,000 

25,000 

Navarro  Mills  Dam  to  mouth 
Chambers  Creek 

3,000 

3,000 

3,000 

Waxahachie  Creek  to  mouth 
Waxahachie  Creek 

4,000 

4,000 

4,000 

Bardwell  Damsite  to  mouth 
Trinity  River 

2,000 

2,000 

2,000 

Oakwood  Gage 

24,000 

45,000(2) 

35,000 

Liberty  Gage 

20,000 

45,000 

35,000 

(1)  Operating  discharge  of  8,000  second-feet  used  in  flood-routing  studies 
for  this  report. 

(2)  The  proposed  SCS  plan  of  development  does  not  provide  for  retardation 
structures  on  the  Trinity  River  Basin  below  Romayor.  Therefore,  the 
full  effect  of  combined  releases  from  reservoirs  in  the  SCS  plan 

and  the  long-rixiyc  '..'atcr  reservoirs  would  be  experienced  only 

in  the  reach  of  the  river  frou  Romayor  to  the  mouth.  This  report 
recornmends  a channel  capacity  of  ^'-5,000  second-feet  for  reservoir 
regulation  purposes  in  all  reaches  of  the  Trinity  River  belo'j 
Tennessee  Colony  Damslte.  However,  in  preco-istructia.n  planning  st”,dic 
consideration  'will  bo  given  to  varying  the  channel  capacity  from 
b5,00C  second-feet  in  the  vicinity  of  Romayor  to  abo'ut  35,000 
second-feet  immediately  below  Tennessee  Colony  Damsite. 


ir-187 


138.  The  time  required  for  the  evacuation  of  the  flood-control 
storage  of  the  reservoirs  in  the  recommended  plan,  based  upon  the 
recommended  operating  discharges  of  table  64,  are  shown  in  table  65. 


TABLE  65 


TIME  REQUIRED  FOR  EVACUATION  OF  FLOOD-CONTROL  STORAGE 


Reservoir 

: Flood-control 
; storage 

: ( ac -ft ) 

Operating 

discharge 

(cfs) 

: Time  required 
:for  evacuation 
jof  flood-control 
: storage  ( days ) 

Benbrook 

76,550(1) 

6,000 

7 

Lakeview 

136,700 

4,000 

18 

Roanoke 

223,700  ) 

Grapevine 

47,300  ) 

- 12,000 

Aubrey 

258,300  ) 

Garza -Little  Elm 

331,600 

Total  860,900 

12,000 

37 

Lavon  (enlarged) 

275,600 

5,000 

28 

Tennessee  Colony 

2,144,300 

35,000 

31 

(1)  Flood-control  storage  below  uncontrolled  notch  (elevation  7IO.O). 


139.  CHANNEL  REQUIREMENTS  FOR  FLOOD  CONTROL.-  The  objective  with 
regard  to  the  design  of  flood-control  channels  for  agricultural  areas  in 
this  report  is  to  provide  50-year  protection  against  floods  originating 
on  the  uncontrolled  area  below  upstream  reservoirs,  when  economically 
feasible.  The  average  minimum  bankfull  capacity  of  existing  channels 
and  the  channel  capacities  required  (in  conjunction  with  the  recommended 
reservoirs)  to  give  varying  degrees  of  flood  protection  to  problem  areas 
on  the  Trinity  River  and  tributaries  are  given  in  table  66. 
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TABLE  66 


CHAIINEL  REQUIREMENTS  FOR  FLOOD  CONTROL 

: Average  mini-;  Cha.nnel  capaclty(l)  (cfs) 

:imm  bankfull  ; required  to  provide  protection 

Reach  : capacity  of  : against  flood  of 

: existing  : 10-year  : 25-year  : ^0-year 

: channel  (cfs  ) : frequency: frequency: frequency 


Elm  Fork,  Lewisville  Dam 


to  Carrollton 
Denton  Creek  below 

8,000 

8,200 

13,200 

18,100 

Grapevine  Dam 
Trinity  River,  Five  Mile 
Creek  to  head  of 

6,000 

b,6oo 

7,000 

9,000 

Tennessee  Colony  Reservoir 
Trinity  River  below  Tennessee 

9,000 

36,000 

50,000 

61,000 

Colony  Damsite  (2) 

20,000 

31,500 

39,300 

43,000 

(1 ) In  conjunction  with  recommended  reservoirs. 

(2)  Most  critical  area  in  vicinity  of  Liberty. 


I40.  MULTIPLE -PURPOSE  CHANNEL  REQUIREMENTS.-  After  due  consideration 
of  the  channel  requirements  for  navigation,  reservoir  regulation,  and 
flood-control  purposes  presented  in  the  preceding  paragraphs,  it  was 
concluded  that  the  channel  requirements  for  reservoir  regulation,  shown 
in  table  6h,  would  be  adopted  as  the  basis  for  design  of  the  multiple- 
purpose  channel.  Further  studies  for  the  multiple -purpose  channel 
revealed  that  realignment  of  the  channel  required  for  navigation 
should  be  made  in  certain  reaches  of  the  river  in  order  to  provide 
improved  conveyance  of  flood  flows. 

Ikl.  Generally,  the  channel  requirements  for  reservoir  regulation 
control  in  establishing  the  capacity  of  the  multiple -purpose  channel. 
However,  greater  channel  canacities  would  be  required  for  flood  control 
rather  than  reservoir  regulation  purposes  in  the  following  reaches: 
the  Elm  Fork  between  Lewisville  Dam  and  Carrollton,  Denton  Creek  below 
Grapevine  Dam,  and  the  Trinity  River  between  Five  Mile  Creek  atid  the 
head  of  Tennessee  Colony  Reservoir.  Consideration  was  given  to  affording 
greater  flood  protection  to  these  eireas  by  providing  for  additional 
channel  enlargement  or  levees,  but  such  a plan  could  not  be  economically 
justified.  The  recommended  channel  would  provide  for  draining  of  leveed 
areas  while  flood-control  releases  from  upstream  reservoirs  would  be  in 
progress  and  would  afford  varying  degrees  of  protection  against  flooding 
which  would  result  from  storms  originating  on  the  uncontrolled  area 
below  the  upstream  Reservoirs.  Table  67  shows  the  degree  of  flood 
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protection  presently  afforded  to  agricultural  areas  on  the  Trinity 
River  and  tributaries  by  the  existing  channel  and  reservoirs,  and  the 
degree  of  protection  that  would  be  provided  by  the  recommended 
im.’lti  pie -purpose  channel  and  reservoirs.  Plates  66  through  69  show 
the  Trinity  River  multiple -purpose  channel  profiles. 


TABLE  67 

DEGREE  OP  PROTECTION  UNDER  EXISTING  CONDITIONS 
AND  RECOMMENDED  PLAN 


. Existing  conditions 

: Recommended  plan 

Reach 

: Average 
: minimum 
: channel 
: capacity 
: (cfsj 

; Frequency  of: 

: floods  at  or: 

: above  chan-  : Channel 
:nel  capacity: capacity 
: (years)  : (cfs) 

Frequency  of 
floods  at  or 
above  channel 
capacity 
(years ) 

Elm  Fork,  Lewisville  Dam 
to  Cairrollton 

8,000 

9 

10,000 

14 

Denton  Creek  below 
Grapevine  Dam 

6,000 

17 

7,000 

25 

Trinity  River 

Five  Mile  Creek  to  head 
of  Tennessee  Colony 
Reservoir 

9,000 

1 

32,000 

8 

Tennessee  Colony  Damsite 
to  river  mile  313 

24,000 

1 

45,000 

90 

River  mile  313*^  lo 
river  mile  207-9 

34,000 

3 

45,000 

80 

River  mile  207-9  to 
river  mile  96.4 

53,000 

4 

45,000 

70 

River  mile  96.4  to  mouth 
of  Trinity  River 

20,000 

1 

45,000 

60 

11-190 


U.  S ARMY 


TiPif  Purpose  channel 


PROFILE 


US  AMM>  fN».iNE  t H jmSTPlCT.  CAlvrSTON 


iiJH 

all 

1 ^H|H 

iM 

CORPS  OF  ENGINFERS 


u.  s army 


Ih2.  INTERJOF  DRAINAGE  - EXISTING  LEVEE  DISTRICTS.-  There  are  16 
operating  levee  districts  adjacent  to  tne  Trinity  River  below  Dallas. 
Pertinent  data  on  these  levee  districts  are  presented  in  table  5.  River 
discharges  wnich  would  prevent  operation  of  the  gravity  sluices  in  each 
of  the  levee  districts  were  determined  from  discnarge-frequency  data 
at  gages  in  the  vicinity  of  the  levee  districts.  Based  on  these  studies, 
it  was  estimated  tnat  .drainage  through  tne  gravity  sluices  would  be 
blocked  at  each  of  the  levee  districts  at  least  once  a year  under 
existing  conditions. 

1^3  Similar  studies  were  made  assuming  the  recommended  multiple- 
purpcse  channel  ani  recommended  reservoirs  in  op»eration  With  the 
recommended  pla’^  of  development  on  tne  basin,  it  was  found  that  several 
of  the  gravity  sluices  would  be  permanently  blocked  by  the  water 
impounded  in  the  navigation  pools.  The  Levee  districts  thus  affected 
would  be  as  follows-,  Kaufmar.  County  No,  Dallas  County  No.  1;  Dallas 
County  No.  2;  Eills  County  No.  2;  Kaufman  County  No.  1;  Henderson 
County  No.  1;  Navarro  County  No.  3;  Ellis  County  No.  10;  and  Houston 
County  No.  2 In  addition,  the  gravity  siuice  of  the  Henderson  County 
District  No.  3 ■“t'’ild  be  below  the  operating  level  of  Tennessee  Colony 
Reservoir  an.i  wo'uid  be  blocKed  Gravity  sluices  in  the  remaining 
levee  districts  above  Tennessee  Colony  Reservoir  would  be  provided 
with  about  10 -year  protection  against  blocking  at  the  recommended 
operating  discharges  in  the  channel  In  the  remaining  levee  districts 
below  Tennessee  Colony  Reservoir , LO-  to  50-year  protection  would  be 
provided  against  tne  blocking  of  gravity  sluices  at  the  recommended 
operating  discharges  Under  the  recotmnended  plan  of  improvement, 
these  levee  districts  which  would  he  perm.anenti.y  blocked  by  the 
navigation  pools  would  be  provided  with  pumping  facilities  to  evacuate 
floodwater  from  their  interior  areas 

liik..  SEDIMENT  IN  .MTLTI-FUP.POSE  CHANNEL.-  Tne  flow  of  the  West 
Fork  and  the  Trinity  River  from  Fort  Worth  downstream  will  pass  through 
the  system  of  locks  and  dam.s  recoromenied  for  the  multiple -purpose 
channel.  Under  full  development  of  the  water  resources  these  flows 
would  be  largely  contained  witnin  the  canaiize.1  iPiiti -purpose  channel 
consisting  of  a system  of  navigation  poors  formed  by  movable  dams  in 
the  charuiei  ar;d  an  the  Terinessee  Colony,  Livingston,  and  Jallisville 
Reservoirs.  The  sediment  that  will  enter  the  proposed  multiple- 
purpose  chanr.eli  will  come  from  various  sources.  Some  sediment  will 
pass  through  upstream  reserv'oirs .-  However  most  of  it  would  be 
contributed  by  uncontrolled  drainage  areas • An  appreciable  amount 
of  sediment  inflow  would  oi.so  cnginate  as  a result -of  propeller  wash 
causing  bank  erosion  or  from  bank  slides  occurring  in  the  deeply 
entrenched  channel  sections.  Sediment  inflow  from  upstream  reservoirs 
and  from  uncontrolled  areas  ^as  determined  as  set  'forth  in  pareigraph  90* 
Quantities  of  sediment  inflow  due  to  .bank  erosion  or  slides  cannot  be 
determined  accurately;  however,  it  is  recognized  that  these  may  add  up 
to  considerable  yardage. 
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145-  sediment  deposition.  ■“  Flows  in  the  recommended  multiple- 
purpose  channel  would  exceed  bonkfull  capacities  only  on  rare  occasions. 
Inspection  of  tables  69  and  7®  Indicates  that  the  operating  discharges 
of  the  multiple -purpose  channel  would  be  equalled  or  exceeded  only 
about  0.8  percent  of  the  time  upstream  from  Livingston  Dam  (Pool  No.  6BJ 
arid  2.7  percent  of  the  time  downstream  therefrom.  The  additional  within 
banK  capacity  that  would  be  available  between  the  operating  discharge 
and  the  recommended  minimum  channel  capacities  would  result  in  even 
shorter  durations.  Consequently.  orJ.y  a minimum  amount  of  sediment 
deposition  would  occur  outside  tne  chsinnel.  In  the  case  of  the  reach 
above  Lock  and  Dam  No.  12,  in  Tennessee  Colony  Reservoir,  it  was  assumed 
for  the  purpose  of  this  study,  that  about  25  percent  of  the  total  sediment 
load  produced  in  each  reach  between  locks  of  the  multiple-purpose  channel 
would  be  deposited  in  the  channel  and  that  the  remaining  75  percent  of 
the  sediment  would  be  transported  downstream.  Total  sediment  inflow 
estimated  above  Lock  and  Dam  No.  12  is  1,700  acre-feet  per  annum,  of  which 
425  acre -feet  per  annum  would  be  deposited  in  the  charjnel  and  1,275  acre- 
feet  per  armum  would  flow  into  Tennessee  Colony  Reservoir.  An  additional 
amount  of  sediment  roughly  estimated  to  equal  at  least  25  percent  of 
the  anticipated  amuai  sediment  yield  (425  acre -feet  per  annum)  would 
also  be  depcsited  in  the  channel  as  a result  of  bank  erosion,  slides, 
and  propeller  wash.  It  was  assumed  that  about  half  of  the  total  sediment 
deposited  in  the  channel  (425  acre-feet  per  annum)  would  be  picked  up 
during  floods  and  while  regulated  releases  are  in  progress  and  transported 
within  the  channel  to  be  deposited  in  Tennessee  Colony  Reservoir,  Thus, 
the  resulting  total  sediment  inflow  above  Lock  and  Dam  No.  12  would  be 
1,700  acre-feet  per  annum.  It  was  further  assumed  that  about  half  of 
the  totau  sediment  brought  in  above  Lock  and  Dam  No.  12  (85O  acre-feet 
per  annum)  would  be  deposited  in  the  channel  in  Tennessee  Colony  Reservoir 
and  the  other  half  would  be  distributed  elsewhere  in  the  reservoir.  The 
material  deposited  in  the  channel  and  about  250  acre-feet  per  annum 
produced  in  the  reach  between  Lock  and  Dam  No.  12  and  Tennessee  Colony 
Dam,  or,  a total  of  1,1.00  acre-feet  per  annum  would  have  to  be  dredged 
in  order  to  mai.ntain  tne  ral.nimum  required  channel  depth  and  alignment. 

In  the  c^^'e  of  the  channels  in  the  reaches  above  the  Livingston  euid 
Wallisviiie  Reservoirs,  most  of  the  sediment  would  be  brought  into  the 
channels  and  transported  into  the  respective  reservoirs. 

146.  EFFECTS  ON  DESIGN  WATER  SURFACE.  Sediment  deposited  in  the 
multiple-purpose  charjnel  tnat  wou_d  have  to  be  dredged  or  removed  would 
be  spoiled  along  the  old  river  channels  and  banks  in  the  vicinity  of 
the  channel. . The  effects  of  sediment  deposition  in  the  restricted  over - 
bank  areas  of  the  leveed  fioodways  were  estimated  to  result  in  on 
increase  in  the  design  water  surface  of  about  0.5  foot.  The  corresponding 
Increase  in  the  wider,  unleveed  floodplain  would  be  even  less.  Tne 
maximum  increase  in  the  hydraul ic  flow  line  would  not  be  effective  until 
after  100  years  of  operation  of  the  entire  system  In  view  of  the  ample 
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freeboard  provided  by  the  proposed  levees  it  is  felt  that  no  allowance 
was  necessary  in  the  levee  grade  or  design  water  surface  for  this 
encroachment . 

IU7.  FLOW -DURATION  STUDIES.-  Water  resource  data  for  2020 
conditions  of  basin  development  were  used  to  determine  the  runoff  at 
selected  stream-gaging  stations  for  the  period  January  192^  through 
June  1957 • Daily  routing  studies  were  made  assuming  the  full  system 
of  existing  and  proposed  reservoirs  were  in  operation.  Municipal, 
industrial . and  irrigation  water  requirements  for  the  year  2020  as 
determined  by  the  Department  of  Health,  Education  and  Welfare  were 
supplied  from  existing  and  proposed  reservoirs.  The  flow-duration 
curves  are  shown  on  plates  70  and  71* 
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lU8.  NAVIGATION  DESIGN  FLOOD.-  The  reference  plane  for  measuring 
vertical  bridge  clearances  in  nontidal  waters  (as  set  forth  in  EM  1145- 
2-320  dated  March  22,  1962 ) should  normally  be  referred  to  the  water 
stage  or  elevation  which  is  not  exceeded  more  than  two  percent  of  the 
time.  The  flow-duration  curves  of  plates  70  and  71  were  used  to 
establish  flows  which  would  not  be  exceeded  more  than  two  percent  of 
the  time.  Discharges  for  the  navigation  design  flood  used  to 
establish  the  two  percent  flow  line  are  shown  in  the  following 
tabiilation: 


Gaging  station 

: Discharge  equalled  or 

: exceeded  25fc  of  time 

_j ish) 

Fort  Worth 

3,200 

Grand  Prairie 

5,000 

Dallas 

14,000 

Rosser 

23,000 

Oakwood 

31,000 

Riverside 

34,000 

Romayor 

35,000 

149.  DEPTH  OF  WATER  AVAILABLE  FOR  NAVIGATION.-  Table  68  shows 
the  proposed  normal  elevations  of  the  various  navigation  pools  of  the 
multiple -purpose  channel  and  the  depth  of  water  in  feet  between  the 
normal  pool  elevations  and  the  design  gradients  of  the  multiple -purpose 
channel  at  the  approach  and  discharge  channels  adjoining  the  movable 
navigation  dams.  These  depths  would  be  available  during  the  occurrence 
of  low  and  medium  low  flows.  Depths  of  15 > 42,  and  39*5  feet  in  Pools 
Nos.  1,  5B  and  lOB  would  prevail  under  conditions  of  full  conservation 
storage  in  the  Wallisville,  Livingston,  and  Tennessee  Colony  Reservoirs, 
respectively.  When  conservation  storage  in  these  reservoirs  would  be 
fully  depleted,  a depth  of  12  feet  would  be  provided  for  navigation 
through  these  reservoirs.  During  passage  of  high  flows,  such  as  the 
two  percent  flood  discharges  (regulated),  operating  discharges,  or 
the  minimum  channel  discharges,  the  depths  of  water  in  the  various  pools 
would  be  increased  due  to  backwater  conditions  in  the  channel.  The 
extent  of  backwater  depth  in  the  various  pools  for  the  two  percent  flood 
discharges  (regulated)  is  shown  graphically  on  plates  66  through  69- 
These  graphical  presentations  show  that  the  depths  of  water  available 
for  navigation  in  the  various  pools  are  materially  increased  during 
periods  of  hi^  flows  in  the  channel . 
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150-  DISCHARGES  CONSIDERED.-  Flow -duration  curves  for  the 
multiple -purpose  channel  under  2020  conditions  of  watershed  develop- 
ment (including  the  effects  of  all  reservoirs  presented  in  the  plan 
of  improvement)  are  shown  on  plates  70  and  71.  Inspection  of  these 
curves  reveals  that  the  discharges  occurring  two  percent  of  time  are 
of  lesser  magnitude  than  either  the  operating  discharges  or  the 
minimum  channel  capacities  at  the  various  stream-gaging  stations, 
as  shown  in  the  following  tabulation; 


Gaging  station 

: 2 percent  flood  : 

: discharge  regulated: 
: (cfs)  : 

Operating 
discharge 
( cfs ) 

; Minimum  channel 
: capacity 

: (cfs) 

Fort  Worth 

3,200 

12,000 

15,000 

Grand  Prairie 

5,000 

12,000 

15,000 

Dali  as 

li^.OOO 

20,000 

25,000 

Rosser 

23,000 

25,000 

32,000 

Oakwood 

31,000 

35,000 

45,000 

Riverside 

34,000 

35,000 

45,000 

Romayor 

35,000 

35,000 

45,000 

151.  Operating  discharges  would  occur  more  frequently  and  for 
greater  periods  of  time  than  discharges  at  the  recommended  minimum 
channel  capacities.  Since  the  operating  discharges  are  approximately 
the  same  as  the  minimum  channel  capacities  to  be  provided,  further 
discussion  of  the  effect  of  large  flows  on  navigation  will  be  limited 
to  the  operating  discharges  for  the  multiple -purpose  channel. 

152.  DURATION  OF  FLOWS  AT  OR  ABOVE  OPERATING  DISCHARGES. - 
Table  69  shows  the  percent  of  time  regulated  flows  in  the  multiple - 
purpose  ^hannel  would  equal  or  exceed  operating  discharges  at  each 
lock  on  the  channel,  based  on  the  flow-duration  curve  data  shown  on 
plates  70  and  71,  for  the  various  stream-gaging  stations.  The  data 

in  table  69  show  that  flows  equalling  or  exceeding  operating  dischai’ges 
at  the  locks  upstream  from  the  Livingston  Dam  would  occur  less  than 
one  percent  of  time  and  that  similar  flows  below  the  Livingston  Dam 
would  occur  about  2.7  percent  of  time.  In  this  reach  of  channel,  the 
operating  discharge  of  35 >000  second-feet  would  have  a mean  channel 
velocity  of  about  3-3  miles  per  hour..  The  data  in  table  69  reveal 
that  the  occurrence  of  high  flows  on  the  channel  would  not  be  of  long 
duration  and  apparently  would  not  be  seriously  detrimental  to  navigation 
excepting  below  the  Livingston  Dam  where  speed  of  towboats  would  be 
affected  by  the  velocities  at  high  flows. 
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TABLE  69 

PERCENT  OF  TIME  OPERATING  DISCHARGE  IS  EQUALLED  OR  EXCEEDED 
f AT  PROPOSED  TRINITY  RIVER  LOCKS  & DAMS 

j (BASED  ON  FLOW  DURATION  CURVES  FOR  2020  CONDITIONS  AT  DESIGNATED  STREAM- 

! GAGING  STATIONS) 


: Operating:  Percent  of  time 

Location  : discharge; operating  discharge 


Gaging  station  or  lock 

number 

: :at  gaging:  ia  ecnialled  or 

: River: Channel:  station  : • ■ 

:mile  : mile  : (cfs)  ; at. aiig«: at  location 

Fort  Worth  Gage 

558.3 

374.9 

12,000 

• 6 

Lock  & Dam  No.  21 

360.17 

.7 

Lock  & Dam  No.  20 

351.91 

.8 

Grand  Prairie  Gage 

515-1 

345.3 

12,000 

.8 

Lock  & Dam  No.  19 

342.51 

.8 

Dallas  Gage 

500.3 

333.9 

20,000 

.4 

Lock  & Dam  No.  I8 

331.31 

.h 

Lock  & Dam  No.  IT 

317.81 

.4 

Lock  & Dam  No.  I6 

311.25 

.4 

Lock  & Dam  No.  15 

306.31 

.4 

Lock  & Dam  No.  l4 

298.38 

.2 

Rosser  Gage 

U51.I+ 

298.0 

25,000 

.2 

Lock  & Dam  No.  I3 

286.64 

.2 

Lock  & Dam  No.  12 

274.51 

.2 

Lock  & Dam  No.  11 

258.91 

.2 

Lock  No.  lOB  & Tennessee 

Colony  Dam 

233.61 

(1) 

Lock  No.  lOA 

233.00 

(2) 

Oakwood  Gage 

313.'+ 

220.6 

35,000 

.1 

Lock  & Dam  No.  9 

217.95 

.1 

Lock  8e  Dam  No.  8 

207.55 

.1 

Lock  & Dam  No.  7 

183.92 

.3 

Lock  & Dam  No.  6 

147.92 

.5 

Riverside  Gage 

182.5 

136.1 

35,000 

.5 

Lock  No.  5B  & Livingston 

Dam 

99.20 

(3) 

Lock  & Dam  No.  5A 

98.00 

(4) 

Romayor  Gage 

94.3 

75.8 

35,000 

2.7 

Lock  & Dam  No.  h 

74.85 

2.7 

Lock  & Dam  No.  3 

59-08 

2.7 

Liberty  Gage 

40.3 

47.8 

35,000 

(5) 

2.7 

Lock  & Dnm  No.  2 

47.45 

2.7 

Lock  No.  1 & Wallisville 

Dam 

28.30 

2.7 

(1 ) Lock  No.  lOB  would  be  located  in  the  west  end  of  the  Tennessee  Colony 
Dam  and  in  general  there  would  be  no  flow  in  pool  lOB. 


(2)  Lock  No.  lOA  would  be  located  in  cut-off  channel  and  no  flow  would  occur 
in  pool  lOA. 

(3)  Lock  No.  5B  would  be  located  in  the  west  end  of  the  Livingston  Dan  aid 
in  general  there  would  be  no  flow  in  pool  5B,  except  in  the  upper  end 
of  the  reservoir  near  the  Riverside  Gage. 

(k)  Lock  No.  5A  would  be  located  in  cut-off  channel  & no  flow  would  occur 
in  pool  5A. 

(5)  Not  determined,  considered  same  as  for  Romayor  Gage. 
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153 • Further  information  concerning  the  number  of  days  that 
regulated  discharges  would  equal  or  exceed  operating  discharges 
during  a recurrence  of  the  three  major  floods  of  record  at  the 
various  stream-gaging  stations  under  2020  conditions  of  watershed 
development  is  graphically  shown  on  the  hydrographs  for  the  floods  of 
April -Jaly  19^2,  February-May  19^5^  and  April -July  1957  presented  on 
plates  23  throu^  37-  A summary  of  the  total  number  of  days  the 
modified  flows  would  be  equal  or  exceeded  the  operating  discharges 
at  gaging  stations,  as  determined  from  the  hydrographs  of  the  three 
major  floods  is  given  in  the  following  tabulation: 


•.Total  number  of  days  modified  flows  would 
: Operating: equal  or  exceed  operating  discharges  during 

Gaging  station  : discharge. flood  of: 

: (cfs)  : Apr-Jul  19^2  : Feb -May  19^5  : Apr-Jul  1957 


Grand  Prairie 

12,000 

3 

1 

1 

Dallas 

20,000 

8 

3 

1 

Rosser 

25,000 

17 

7 

1 

Oakwood 

35,000 

4 

2 

0 

Riverside 

35,000 

5 

17 

3 

Romayor 

35,000 

67 

49 

0 

154.  DURATION  OF  FLOWS 

AT  OR  ABOVE  RECOMMENDED  CHANNEL 

CAPACITY. - 

Analyses  of  the 

three  major 

flood  hydro graphs  reveal  that 

the  modified 

flows  exceeded 

the  recommended  minimum  channel  capacities 

at 

and  upstream 

from  the  Rosser 

gaging  station,  as  shown  in 

the  following  tabulation: 

* Minimum 

: Total  number  of  days  modified  flows  would 

; channel 

: equal  or  exceed 

minimum  channel 

capacities 

Gaging  station  ; capacity 

: during  flood  of: 

: (cfs) 

; Apr-Jul  1942  : 

Feb -May  19^5 

Apr-Jul  1957 

Grand  Prairie 

15,000 

0 

1 

1 

Dallas 

25,000 

4 

1 

1 

Rosser 

32,000 

6 

2 

0 

Oakwood 

45,000 

0 

0 

0 

Riverside 

45,000 

0 

0 

0 

Romayor 

45,000 

0 

0 

0 

155-  In  connection  with  the  data  presented  in  the  above  tabulation, 
it  is  noted  that  the  proposed  multiple -purpose  channel  would  be  located 
within  the  existing  and  recommended  leveed  floodways.  The  flows  exceed- 
ing minimum  channel  capacities  in  tliis  reach  would  be  confined  within 
the  leveed  floodways  and  would  probably  cause  cessation  of  navigation 
because  of  adverse  overbank  currents,  during  periods  when  modified  flows 
exceed  minimum  channel  capacities.  It  is  believed  that  the  modified  flows 
in  the  channel  downstream  from  the  floodwaj-s  would  not  cause  cessation  of 
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navigation,  based  on  the  assumption  that  towboats  of  sufficient  horse- 
power would  be  provided  to  move  the  standard  barge  tows  of  three  35-  X 
195-foot  barges  in  tandem  against  the  velocities  that  would  accompany 
discharges  at  the  minimum  channel  capacities. 

156.  VELOCITIES  IN  NAVIGATION  POOLS.-  The  estimated  mean  channel 
velocities  resulting  from  operating  discharges  in  each  of  the  navigation 
pools  and  the  percent  of  time  the  operating  discharges  would  be  equalled 
or  exceeded  are  given  in  table  "^O.  The  data  in  table  70  show  that  a 
maximum  mean  channel  velocity  of  4.6  miles  per  hour  would  exist  in 
the  upper  portion  of  Pool  No.  11  approximately  0.2  percent  of  time. 

The  average  .mean  velocity  in  the  pools  would  be  more  than  3*6  miles 
per  hour  for  a very  small  percent  of  time  upstream  of  the  Livingston 
Dam,  and  about  2.7  percent  of  time  in  the  pools  below  the  Livingston 
Dam.  The  foregoing  concei-ns  the  operating  discharge  velocities  which 
would  probably  be  experienced  during  recurrence  of  major  floods  on 
the  multiple-purpose  channel  under  2020  conditions  on  the  Trinity  River 
Basin. 

157-  The  percent  of  time  that  velocities  of  modified  flows  of 
lesser  magnitude  than  the  recommended  operating  discharges,  are 
estimated  to  occur  in  the  multiple -purpose  channel  at  the  various 
stream-gaging  stations  under  2020  conditions  in  the  basin,  is  shown 
in  the  following  tabulation.  The  data  shown,  in  the  tabulation  are 
based  on  the  flow-duration  curves  and  velocity  curves  for  the  several 
gaging  stations. 

:Location;Mbdified  flow-Velocities  in  miles  per  hr 
Stream-gaging  station: (channel. One  mile  and  :0ne  to  two  :Two  miles  or 
: mile)  :less  ('^  time ):miles('j(i  timeQsmore  time) 


Grand  Prairie 

3^5-3 

98.0 

1.1 

0.9 

Dali  as 

333-9 

97.0 

.0 

2.0 

Rosser 

296.0 

91  5 

5.0 

^.5 

Oakwood 

220.6 

96.0 

0.7 

3-3 

Riverside 

136.1 

79.0 

16.2 

4,8 

Romayor 

75.8 

89.5 

5.5 

5.0 

jPPl  M.I  , I. .11.  . 


TABLE  70 

PERTINENT  DATA  CONCERNING  MEAN  VELOCITIES 
IN  NAVIGATION  POOLS  DURING  PASSAGE  OF  OPERATING  DISCHARGE 


Pool 

number 

: Length 
:of  pool 
: (miles ) 

Operating 

discharge 

(gfsJ 

Mean  channel 
velocities 

(mph) 

Upper(l ) :Lower(2) : 

Average 

Percent  of  time 
operating  dis- 
charge is  equalled 
or  exceeded 

21 

2.63(3)  12,000 

2.2 

1.3 

1-75 

0.7 

20 

8.26 

12,000 

2.5 

1.2 

1.85 

0.8 

19 

9.40 

12,000 

2.5 

1.5 

2.0 

0.8 

18 

11.20 

20,000 

4.1 

1.9 

2.75 

0.4 

IT 

13-50 

20,000 

3.6 

2.2 

2.9 

0.4 

16 

6.56 

20,000 

3.6 

2.5 

3.05 

0.4 

15 

4.94 

20,000 

3.7 

3.1 

3.4 

0.4 

li^ 

7.93 

20,000 

4.2 

3.0 

3.6 

0.2 

13 

11. 7^+ 

25,000 

i+.3 

2.3 

3.3 

0.2 

12 

12.13 

25,000 

3.5 

2.6 

3.05 

0.2 

11 

15.60 

28,000 

4.6 

0.4 

1-35 

0.2 

lOB 

25.30 

28,000 

0.6 

0.1 

0.35 

(4) 

lOA 

0.61 

(5) 

9 

15.05 

35,000 

3.6 

2.3 

2.95 

0.1 

8 

10.40 

35,000 

3.4 

2.5 

2.95 

0.1 

7 

23.63 

35,000 

3.6 

2.4 

3.0 

0.3 

6 

36.00 

35,000 

3.4 

2.4 

2.9 

0.5 

5B 

48.72 

35,000 

2.1 

0.1 

1.1 

(6) 

5A 

1.20 

(7) 

4 

23.15 

35,000 

3-6 

3.1 

. 3.35 

2.7 

3 

15.77 

35,000 

3.9 

2.7 

3.3 

2.7 

2 

11.58 

35,000 

4.0 

2.5 

3.25 

2.7 

1 

19.20 

35,000 

3.2 

2.5 

2.85 

2.7 

(1 ) Velocity  at  upper  end  of  pool. 

(2)  Velocity  it  lower  end  of  pool. 

(3)  From  junction  with  flood-control  channel  to  Lock  21. 

(U)  Negligible^  based  on  full  conservation  pool  at  Tennessee  Colony 
Reservoir. 

(5)  Lock  lOA  would  be  located  in  cut-off  and  no  flow  would  occur 
in  pool  lOA. 

(6)  Negligible^  based  on  full  conservation  pool  at  Livingston 
Reservoir. 

(7)  Lock  5A  would  be  located  in  cut-off  and  no  flow  would  occur 
in  pool  5A. 
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158.  EFFECT  OF  VELOCITIES  ON  NAVIGATION.-  The  data  presented 
in  the  foregoing  tabulation  Indicate  that  the  durations  of  velocities 
of  one  mile  per  hour  or  less  produced  by  regulated  discharges  in 
the  multiple -purpose  channel  would  be  as  follows;  more  than  90 
percent  of  time  upstream  of  the  Oakwood  Gage,  79  percent  of  time  at 
the  Riverside  Gage^  and  about  90  nercent  of  time  at  the  Roraayor  Gage. 
These  data  also  indicate  that  the  navigation  pools  generaidy  would 
be  at  normal  elevation,  or  slack  water  condition,  and  that’  the 
velocity  of  channel  flow  in  the  various  pools  wo’ild  not  materially 
affect  navigation  after  full  development  of  the  Trinity  River  Basin 
reservoir  system. 

159"  DISCHARGE  FREQUENCE.-  Observed  records  are  available  at 
various  gages  on  the  Trinity  River  and  tributaries.  Based  upon  these 
observed  records,  flows  under  1958  (existing)  conditions  of  watershed 
development  were  estimated  for  the  areas  above  the  existing  reservoirs 
and  for  the  incremental  areas  between  the  existing  reservoirs  and 
downstream  gages  for  the  period  1924  through  1959-  Flows  for  the  same 
period  were  also  estimated  under  2020  conditions  of  watershed  develop- 
ment for  the  areas  above  all  reservoirs  considered  in  the  plan  of 
development  and  for  the  incremental  areas  between  these  reservoirs 
and  downstream  gages.  Period  of  record  routings  were  made  through 
the  system  of  existing  reservoirs  to  downstream  gages  under  1958 
conditions  of  watershed  development  and  through  the  system  of 
reservoirs  considered  in  tne  plan  of  improvement  to  downstream  gages 
under  2020  conditions  of  watershed  development.  The  peak  discharges 
produced  at  downstream  gages  under  existing  (1958)  conditions  and  under 
the  plan  of  development  (2020  conditions)  were  then  used  to  construct 
discharge -frequency  curves  at  selected  dov/nstrejim  gages  in  accordance 
with  the  graphical  methods  set  forth  in  Leo  R.  Beard's  "Statistical 
Methods  in  Hydrology"  (distributed  with  Civil  Works  Engineer  Bulletin 
52-24,  dated  August  26,  19.52)"  The  discharge -frequency  curves  thus 
constructed,  for  existing  (1958)  conditions  and  conditions  that  would 
obtain  under  the  plan  of  development  ( 2020  ) have  been  used  as  a basis 
for  the  economic  studies  presented  in  Appendix  IV',  Flood -Control 
Economics.  An  example  of  these  curves  for  reach  3 (Midway  Gage)  is 
shown  on  figure  1 of  Appendix  TV. 
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HYDRAULIC  DESIGN 
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160.  GENERAL.  - Studies  were  made  to  determine  the  hydraulic 
characteristics  under  existing  conditions  and  various  plans  of 
improvement  on  the  Trinity  Rive:  and  its  tributaries,  particularly 
within  the  limits  of  the  multiple -purpose  channel,  between  Fort  Worth, 
Texas,  and  the  mouth  of  tne  river.  The  following  paragraphs  describe 
the  hydraulic  studies  made  on  the  Trinity  River,  West  Fork,  Elm  Fork, 

East  Fork,  Mountain  Creek,  Duck  Creek,  and  their  major  tributaries. 

161.  WATER  SURFACE  PROF.ILES  - EXISTING  CONDITIONS.  - Hydraulic 
computations  were  made  to  establish  water  surface  profiles  and  limits 
of  flooding  under  existing  conditions  on  the  Trinity  .-^'-ver  and  its 
major  tributaries  between  Fort  Worth  and  the  mouth  of  the  river. 

Backwater  studies  were  based  on  Manning's  formula,  in  accordance 

with  paragraph  10  of  EM  1110-2-l409,  December  7,  1959,  using  roughness 
coefficients  of  0.035  to  0 O6O  for  the  existing  channels  and  O.O6O  to 
0.120  for  the  overbanks.  The  backwater  studies  were  further  correlated 
with  observed  highwater  data  and  measurements  at  U.  S.  Geological 
Survey  gages  on  the  Trinity  River  and  its  tributaries.  Plates  2 through 
12  show  the  profiles  of  the  Trinity  River  and  its  tributaries  under 
existing  conditions  and  the  profiles  for  the  flood  of  record  un4«r 
historical  conditions, 

162.  CHANNEL  CAPACITIES,-  Existing  channel  capacities  for  reaches 
of  the  Trinity  River  and  its  tributaries  were  determined  by  backwater 
computations,  correlated  with  observed  discharge  measurements.  The 
existing  channel  capacities  for  the  Trinity  River  and  its  principal 
tributaries,  and  the  capacities  of  the  improved  charnels  are  shown  in 
table  64. 

163.  PLAN  OF  IMPROVEMENT. - 

a.  Charmei . ■ The  design  of  the  multiple -purpose  channel 
is  based  on  a consideration  of  the  requirements  for  navigation,  flood 
control,  and  reservoir  regulation.  Various  size  channels  were  investi- 
gated to  satisfy  these  three  requirements..  Channel  size  formulation 
studies  for  navigation  show  that  a channel  having  dimensions  of  12 
feet  deep  and  1 50  feet  of  bottom  width,  with  side  slopes  of  1 vertical 
on  2 horizontal,  would  be  the  most  economical  for  modern  barge  navigation 
required  to  transport  the  prospective  commerce  on  the  channel ..  Channel - 
size  studies  for  flood  control  ar,d  reservoir  regulation  indicated  that 
the  most  feasible  channel  for  these  purposes  would  more  nearly  follow 
the  existing  river  alignment,  including  certain  river  bend  cut-offs, 
and  clearing  only  in  portions  of  the  existing  river  channel..  The 
recommended  mult Iple -purpose  channel  incorporates  the  most  advantageous 
and  feasible  features  of  the  requirements  for  each  of  the  purposes.. 

This  includes  enlar-gement  of  the  navigation  charnel  by  deepening  and 
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widening  where  necessary  to  provide  sufficient  capacity  for  passage  of 
operating  discharges  from  the  existing  and  recommended  flood-control 
reservoirs  on  the  watershed  and  to  provide  additional  capacity  for 
runoff  from  the  uncontrolled  drainage  areas  below  the  reservoirs.  The 
general  plan  of  the  multiple -purpose  channel  project  is  shown  on 
plates  72  through  ?9-  Pertinent  data  concerning  the  design  dimensions 
and  capacities  of  the  multiple -purpose  channel  from  the  Houston  Ship 
Channel  to  the  lower  end  of  the  Fort  Worth  Floodway  are  given  in 
table  68.  Generally,  chanriel  dimensions  established  in  this  report 
cover  long  reaches  of  the  river.  However,  during  preconstruction 
plsinning  studies  more  detailed  surveys  will  be  available.  Actual 
channel  sizes  will  then  be  established  based,  on  local  requirements  and 
topography. 


b.  Levees. - The  existing  levees  downstream  from  Five  Mile 
Creek,  with  the  exception  of  the  recommended  Liberty  levee,  are 
agricultural  levees  and  would  provide  protection  from  floods  in  excess 
of  100-year  frequency  under  improved  channel  conditions.  The  levees 
for  the  existing  Fort  Worth  and  Dallas  Floodways,  which  would  become 

a part  of  the  improved  floodway,  have  a minimum  freeboard  of  4 feet 
above  the  water  surface  elevation  resulting  from  the  standard  project 
flood  discharge.  Levees  generally  along  both  banks  of  the  in^jroved 
channel  from  Five  Mile  Creek  to  the  existing  Dallas  Floodway  and  from 
Elm  Fork  to  the  existing  Fort  Worth  Floodway,  would  therefore  be  designed 
to  provide  a minimum  freeboard  of  4 feet  above  standard  project  flood 
discharge  levels.  All  levees  upstream  from  Five  Mile  Creek  would  be 
provided  with  a minimum  top  width  of  10  feet  and  have  1 on  2.5  side  slopes. 
Table  7I  gives  the  pertinent  hydraulic  design  data  for  the  multiple - 
purpose  channel  and  levees  upstream  of  Five  Mile  Creek.  The  Liberty 
local  protection  project  would  consist  essentially  of  levees  along  the 
left  bank  of  the  Trinity  River.  These  levees  in  conjunction  with  the 
recommended  multiple -purpose  channel  would  provide  protection  from  a 
standard  project  flood  having  a peak  discharge  of  180,000  second-feet. 

A minimum  freeboard  of  4 feet  abc''-e  the  desi.gn,  water  surface  would  also 
be  provided  for  the  Liberty  levees.  Levees  hydraulically  constructed 
would  have  a minimum  crown  width  of  20  feet  and  side  slopes  varying  from 
1 on  20  to  1 on  3,  depending  upon  the  natural  repose  of  the  hydraulically 
.placed  material.  The  plan  of  improvement  for  Liberty  is  shown  on  plate  56 
and  the  profile  of  the  proposed  levee  is  shown  on  plate  80. 

c.  Bridge  Improvements . - The  plan  of  improvement  provides 
for  sill  railroad  bridges  over  the  navigation  channel  to  be  of  the 
vertical  lift  type.  The  lift  bridge;  would  provide  a minimum  vertical 
clearance  of  50  feet  in  open  position  above  the  stage  that  governs  98 
percent  of  the  time  and  a minimum  vertical  clearance  of  3 feet  in  closed 
position  above  elevation  of  maximum  high  water  or  standard  project  flood 
design  water  surface  in  leveed  floodways,  as  may  be  applicable  at  the 
bridge  site.  Table  72  gives  pertinent  design,  data  for  railroad  bridges 
on  the  multiple-purpose  channel.  The  plan  of  improvement  for  all 
hiRhwav  br^^l^•es  over  the  navigation  channel  are  based  on  providing  a 
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minimum  vertical  clearance  of  50  feet  above  maximum  navigation  eleva- 
tion, which  in  all  cases  would  exceed  the  minimum  low  steel  level 
required  for  the  passage  of  flood  releases.  Table  73  gives  informa- 
tion concerning  design  data  for  hi^way  bridges.  Bridges  above  the 
limits  of  navigation  on  the  Trinity  River  and  on  tributaries  above 
Five  Mile  Creek  would  provide  a minimum  freeboard  of  three  feet  between 
low  steel  and  the  water  surface  level  of  the  standard  project  flood. 
Typical  highway  and  bridge  details  are  shown  on  plate  81. 

d.  Interior  Drainage.-  Details  for  interior  drainage 
facilities  in  the  existing,  authorized,  and  previously  recommended 
floodways  are  set  forth  in  the  appropriate  design  memorandums  and 
plans  for  construction  of  the  floodways.  For  all  new  levee  systems, 
with  the  exception  of  the  leveed  area  at  Liberty,  the  interior 
drainage  will  be  controlled  by  gravity  sluices  and  sump  storages  to 
provide  protection  from  flooding  of  the  interior  areas  from  storms 
having  a frequency  of  recurrence  of  once  in  100  years.  In  addition 
to  gravity  sluices,  the  leveed  area  at  Liberty  will  be  provided  v;ith 
a 40,000  gpm  pump  in  the  Big  Bayou  interior  draltiage  area  and  a 
150,000  gpm  pump  in  the  Clayton  Bayou  interior  drainage  area  as  shown 
on  plates  58  and  80.  The  location  of  s'omps  and  tabulation  of  the 
pertinent  data  for  the  gravity  sluices  and  sumps  are  shown  on 
plates  52  through  58. 
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HYDRAULIC  DESIGN  DATA 
MULTIPLE-PURPOSE  CHANNEL 


FIVE  MILE  CREEK  TO 

FORT  WORTH, 

TEXAS 

Design 

Bottcn 

Bottom 

Design 

Location 

Channel  : 

discharge 

grade 

width 

: water  surface  ; 

mile 

(cfs) 

(ft-msl) 

( feet ) 

( ft -nsl ) : 

Five  Mile  Creek  Diversion  Channel 

321.50 

l''4,600 

351 .22 

150 

396.2 

Grade  Control  Change 

326.00 

174,600 

360.00 

150 

4o4.5 

Highway  Loop  12 

326.02 

174,600 

360.00 

150 

404.6 

Honey  Springs  Branch  Diversion  Channel 

326.15 

174,600 

360.00 

150 

404.8 

White  Rock  Creek  Diversion  Channel 

326.62 

174,600 

360.00 

150 

405.7 

Above  Mouth  White  Rock  Creek 

- 

163,800 

360.00 

150 

- 

T&NO  Railroad 

328.30 

163,800 

360.00 

150 

408.4 

iBtaratata 

32S.ii6 

163,800 

360.00 

150 

406.6 

MICT  Railroad 

330.28 

163,800 

360.00 

150 

411.1 

Forrest  Avenue 

330.65 

163,800 

360.00 

150 

411.6 

G.C.  & S.F.  Railyay 

331.09 

163,800 

360.00 

150 

412.2 

Lock  A Daa  No.  18  (D.  S.) 

331.31 

163,800 

360.00 

150 

412.3 

(u.  s.) 

- 

163,800 

363.50 

150 

413.3 

Corinth  Street 

331 .Ul 

163,800 

363.84 

150 

413.5 

Cadiz  Street 

332.22 

163,800 

366.61 

150 

4l4.8 

lataratate  Hl^vay  39 

332.28 

163,800 

366.82 

150 

4i4-9 

Houston  Street 

332.61 

163,800 

367.95 

150 

415.5 

Dailas-Fort  Worth  Turnpike 

333.12 

163,600 

369.69 

150 

416.3 

Conanerce  Street 

333.50 

163,800 

370.99 

150 

417-0 

T&P  Railway 

333.66 

163,800 

371.54 

150 

417.2 

Continental  Street 

333.93 

163,800 

372.47 

150 

417.7 

Sylvan  Avenue 

33^1.89 

163,800 

375-75 

150 

419-2 

Hampton-Inwood  Road 

336.33 

163,800 

380.68 

150 

421.4 

Westmoreland  Avenue 

337.26 

163,800 

383.86 

150 

422-9 

Grade  Control  Change 

337.30 

163,800 

384.00 

150 

422-9 

Elm  Fork  Confluence 

338.80 

163,800 

384.00 

150 

425-5 

Above  Mouth  Flm  Fork 

- 

160,000 

384.00 

150 

425.5 

State  Highway  Loop  12 

340.39 

160,000 

384.00 

150 

430.0 

Mountain  Creek 

340.89 

160,000 

384.00 

150 

431.3 

Lock  & Dam  No.  19  (D.  S.) 

342.51 

160,000 

384.00 

150 

‘‘35-3 

(U.  S.) 

- 

160,000 

402.00 

200 

436.3 

Meyers  Road 

160,000 

403.20 

200 

438.0 

Mouth  Bear  Creek 

160,000 

. 

200 

. 

Above  Mouth  Bear  Creek 

- 

160,000 

1 

- 

200 

- 

Beltline  Road 

3>‘5.25 

160,000 

1 

409.85 

200 

446.1 

Grade  Control  Change 

346.00 

160,000 

1 

412.00 

200 

448-9 

Bear  Creek  Diversion  Channel 

346.83 

160,000 

1 

412.00 

200 

451.5 

C.R.I.&P  R.R.  Spur 

350. 5l» 

148,000 

412.00 

200 

459.1 

State  Highway  No.  36O 

350.75 

148,000 

412.00 

200 

459.5 

Lock  & Dam  No.  20  (D.  3.) 

351.91 

148,000 

412.00 

200 

461.2 

(U.  S.) 

148,000 

148,000 

426.00 

200 

462.2 

F.  M.  Highway  No.  157 

354.00 

431.64 

200 

469.8 

Unnamed  Creek  Diversion  Channel 

355.13 

148,000 

434.69 

200 

473-0 

Sxilphur  Branch  Diversion  Channel 

356.08 

148,000 

437.25 

200 

475.6 

Above  Sulphur  Branch  Diversion  Channel 

. 

138,000 

- 

200 

475.6 

Arlington  Bedford  Road 

357. 0» 

138,000 

439.70 

200 

478.2 

Grade  Control  Change 

357.10 

138,000 

440.00 

200 

478.5 

Village  Creek 

358.10 

138,000 

440.00 

200 

480.8 

Above  Mouth  Village  Creek 

- 

117,700 

440.00 

200 

480.8 

Walker  Branch  Diversion  Channel 

359.79 

117,700 

440.00 

200 

W3.5 

Arlington-Smithfield  Road 

359.95 

117,700 

440.00 

200 

483.8 

Lock  4 Dam  No.  21  (D.  S.) 

360.17 

117,700 

440.00 

200 

484.1 

(U.  S.) 

- 

117,700 

451.00 

150 

485.1 

Unnamed  Creek  Diversion  Channel 

361.13 

117,700 

453.80 

150 

489-3 

Highway  Loop  820 

362.11 

117,700 

456.56 

150 

493.7 

Handley -Edervi  He  Road 

362.70 

117,700 

458.38 

150 

1*96.3 

Big  Fossil  Creek  Diversion  Channel 

362.92 

117,700 

459.02 

150 

497.2 

Above  Big  Fossil  Creek  Diversion  Channel 

- 

95,000 

- 

150 

497.2 

Little  Fossil  Creek  Diversion  Channel 

363.66 

95,000 

461.24 

150 

500.0 

White  Lake  Outfall  Diversion  Channel 

364.71 

95,000 

464.24 

150 

503.5 

Grade  Control  Change 

366.28 

95,000 

468.82 

150 

503.8 

First  Street 

366.80 

95,000 

4n.46 

150 

510.6 

Grade  Control  Change 

367.45 

95,000 

475.00 

150 

513.0 

Channel  Size  Change 

368. 02 

95,000 

478.15 

200 

515.2 

Grade  Control  Point 

368.40 

95,000 

480.25 

200 

516.4 

Beach  Street 

368.60 

95,000 

480.50 

200 

516.9 

Riverside  Drive 

369.41 

95,opo 

481 .62 

200 

519.7 

End  Channel  Improvement 

369.76 

95,000 

482.11 

200 

520.8 

(l)  Flow  1U8,000  cfs  prior  to  Bear  Creek  Diversion. 
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Top  of  conservation  storage  in  Livingston  Reservoir  which  may  be  depleted  to  elevation  101.0 
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l64.  WATER  SURFACE  PROFILES  - MULTIPLE -PURPOSE  CHANNEL. - 

a.  Trinity  River  below  Five  Mile  Creek. - Backwater  studies 
were  made  for  the  Improved  channel  for  various  regulated  flows  including 
the  2 percent  flood  discharge,  using  a channel  roughness  coefficient 

of  0.030  in  the  Manning  formula.  The  minimum  level  in  each  navigation 
pool  was  assumed  to  be  one  foot  above  normal  pool  during  the  passage 
of  these  flows.  The  mean  channel  velocity  for  the  operating  and  2 
percent  discharge  would  vary  from  0.4  to  4.6  miles  per  hour  with 
Tennessee  Colony  and  Livingston  Reservoirs  at  or  above  conservation 
level.  However,  in  extreme  cases,  when  the  reservoirs  would  be  empty 
and  the  navigation  pools  at  normal  (minimum)  level,  velocities  in 
the  portion  of  the  channels  in  the  reservoirs  would  be  slightly 
hi^er.  Plates  66  through  69  show  the  water  surface  profile  for  the 
2 percent  flood  discharge  for  the  limits  of  navigation  under  iit5>roved 
conditions. 

b.  Trinity  River  and  West  Fork  above  Five  Mile  Creek. - 
Backwater  studies  for  the  multiple-purpose  channel  upstream  from  Five 
Mile  Creek  were  based  on  the  eissumption  that  the  flows  would  be  confined 
within  levees  (within  the  designated  floodway  limits)  having  a distance 
between  centerlines  of  levees  varying  from  a minimum  of  1,050  feet  to 

a maximum  of  3^000  feet.  Where  levees  are  not  provided  on  both  banks 
in  the  recommended  plan  of  Improvement,  this  assumption  would  permit 
construction  of  additional  levees  where  required, or  other  development 
in  the  remaining  flood  plain  without  encroachment  on  the  capacity  of 
the  designed  floodway.  Water  surface  profiles  for  the  design  flood 
discharge  were  developed  for  the  improved  floodway,  using  roughness 
coefficients  of  O.O3O  in  the  Manning  formula  for  the  channel,  and  0.070 
for  the  overbank  (berms  between  channel  and  levees).  Plates  82  through 
85  show  the  design  water  surface  profile  for  the  standard  project 
flood  discharge  above  Five  Mile  Creek  under  improved  conditions. 
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165.  NAVIGATION  LOCKS.-  A total  of  23  navigation  locks  would 
be  required  to  overcome  the  total  fall  of  480  feet  in  the  recommended 
multiple -purpose  channel.  All  of  the  locks,  except  Lock  No.  1,  would 
be  equipped  with  miter  gates.  Lock  No.  1,  with  a maximum  lift  of 

4 feet,  is  located  where  a reversal  of  head  may  occur  and  would  be 
equipped  with  sector  gates.  No  filling  and  emptying  system  would  be 
I'equired  for  Lock  No.  1 as  filling  and  emptying  would  be  accon^jlished 
by  end  filling  and  emptying  through  the  gates.  The  remainder  of  the 
locks  provide  side  port  filling  and  emptying  systems  which  were 
designed  in  accordance  with  the  "Arkansas  River  Multiple -Purpose 
Project,  Arkansas  River  and  Tributeiries,  Project  Design  Memorandum  No.  3, 
Navigation  Lock,  Part  I - Criteria."  Typcial  navigation  locksites  and 
lock  and  dam  details  are  shown  on  plates  86  through  93* 

166.  For  the  84-  X 600-foot  locks  a side  port  filling  system  is 
proposed  in  each  lock  wall.  The  filling  system  would  consist  of  a 
12-  X 12-foot  culvert  with  valves  of  reversed  tainter  gates,  8 intake 
manifolds,  20  lock  chamber  ports  located  in  the  downstream  two-thirds 
of  the  chamber  and  staggered  with  those  on  the  opposite  wall,  and  6 
discharge  manifolds.  The  locks  above  Dallas  would  also  have  a side 
port  filling  system  consisting  of  an  8-  X 8-foot  culvert  with  6 intake 
manifolds,  13  lock  chamber  ports  and  4 dischEorge  manifolds  located  in 
each  wall. 

167.  The  approximate  lock  filling  or  emptying  time  for  the  range 
of  lifts  of  the  84-  X 600-foot  locks  under  consideration  was  computed 
by  the  formula  T = m / H/2g  given  in  EM  1110-2-l6o4.  In  this  formula, 

T is  the  filling  or  emptying  time  in  seconds;  H the  design  lift;  and  m 

a constant  with  an  assumed  value  of  900  considered  applicable  for 
shallow  draft  barge  locks.  Based  on  this  formula  the  tentative  filling 
and  emptying  time  varies  from  5-5  minutes  for  a 10-foot  lift  to  10. 5 
minutes  for  a 40-foot  lift,  as  shown  in  the  following  tabulation; 


TENTATIVE  LOCK  FILLING  AND  EMPTYING  TIME 


Lift  (H) 

: Filling  time  (T) 
: (minutes) 

: Selected  time 

: (minutes) 

40 

10.33 

10.5 

35 

9.50 

9.5 

30 

9. 08 

9.0 

25 

8.25 

8.25 

20 

7.40 

7.5 

15 

6.56 

6.5 

10 

5-33 

5.5 

LIBERTY 


LOCK  ft  0AM  NO  2 


PROPOSCO  OIL  WtLL  ROAOS 
RANO  STAfiiLi^ATiON  WORK 
RivE»  VERSION  DAMS 

'vlr'-O 

Oil  »CLL 

U S.  ARMY 


\ TO  kVAU/S!//LL£ 

* 

» 


—1^4 

f ^ 

.41 

Lfi<££  £U5ANXM£MT 


ACC£SS  eOAD  £i.£V  SO 


- SiOffMAL  JPPEB  POOL  £l£y  4 0 
CMAM^/£l  BOTTOA4  £l£w  -fl  O 


— - ST££i  SH££T  PILE  STALL 


IS  ^IL  L E QESEP^O/ff 


nASCUL£  BP! oat 


~£XISTIP0  INTAKE 
TO  B£  ABANDONED 


in  ^W“  *■  CHAMBER 

fr  ■ VW*  64  M 600'  \ 

//^ . 4-  /.->>•  > ^ ■ 

"X  • . ^ *o 


i,  DIVERSION  CMANNCL  ' ^ l‘>  > 


ESPLANADE 
ELEV  6.0 


i NAV/SAT/ON 
CHANNEL 


'ri^  -NOPUAi.  LOREP  POOL  ELEV  QO 
' / CHANNEL  BOTTOM  ELEV’/EO 


imH  * 


T:mt 

.,  A r :f  i'7 

7 7'  '■  ^'7 


■■  A ' 

T ■ A., 


^OVERFLOW  SPILLWAY  ' 
CREST  ELEV 4 0 ' 


p«»OTOseo  oit  WELL  <»o*os 
QAk»  S^AeiL'/ATiOW  WORK 
RivE"  " VERSIOR  0AM5 
• E'OWMCNCCDLt-tf 
OtL  WELL 


TO  ANAHUAC  — 


\ \ 


AINTEP  SATE  STPUCTUPt 


LOCK  a 0AM  NO  I 

0 AOC  _ ^OC 

‘ iciCt  '♦*  ~ 


LOCK  a OAM  NO  2 

H t4.  ^ 

SCALE  iN  K|er 


TRINITY  RIVER  AND  TRIBUTARIES,  t|XAS 

TRtNiTY  RtVER 

MULTiPLk  PURPOSE  CHANNEL 

SITE  PLAN 

LCXK  AND  DAM  NO.  1 B NO  2 
scalE  as  Shown 

US  ARMY  eNGiNEEH  biSTRl'ct'  "‘SaC'^sTon 

TTU  ^ TiJJiJpri  AitJ^rNofo  'T»*^c'»i  I*  ^ 


n-230 


PLATE  86 


Normal 


2780 


NATUOAL 

SPO*JNO 


T/MOe/f  WAff/NG  Plies 


nev  2200 


euvnio 


0¥erflot>i  Aftir  Crtat  t/ttf  275  0 


UncontroJ/9d  Sp/Z/wa^ 


^ A/o/#. 

^ Confoura  intft/n 

eonmf'ucf'on  oraa  ^er  c/anfu. 


N4TuOA^ 

i->POONP 


5T££l  5fiE£T 
P'L  lAJO 


sreei  sns£ 

P/UNS 


?— f I V 

SCALE  IN  FEET 


LOCK  8i  DAM  NO  It 


u.  S.  ARMY 


n- 


TO  9i  P£MOv£D  ■ 


SCALl  AS  SmOWN 

US  A»M’'  ING'NEF#  0«St«iCT  . CAivfS^ON 
i , ’•**>&>*>  vicfttHfiiirrt 

. T>  .••»•'•  •I*'^  t«4«-.  .-C'.inHl*  «l  ALl  1 t»»  MA£ 


LOCKS 

NO 

lOA  8 NO  lOB 

tee 

4 

SCALE 

toe  * , 

IN  EEET 

US  ARMY 


TRNITV  BlVEB  AND  TRi  gO  T ARl  ES  . TE«AS 

TRINITY  RIVCR 

multiple  PU9P0SE  CHANNEL 

SITE  PLAN 

LOCKS  NO  lOA  a NO  lOB 


V ARWT  EN(.'N£ER  DISTRICT  . GALVESTON  JUNE  '96? 

^ ^-wwiNnc) 

,\^**^*^*  ^ ■ t 

, '»  V >1* t'  J it*  'j'*  ' t *,J******* 


H-233 


PLATr  RQ 


CORPS  OF  ENGINEERS 


rA/f^rtff  yAt.yr 
recess  ~j 


LAUO  rVAL.  L 


'A/oor  A/»C*I 


toe  A 


ye 


PLAN 


g ¥V4  ^9 

tVi^9 


SA.  /»,/9  HV// 

C9//9 

(Ooiv4*tAr9am  On/tf/ 


?> 


SCALE  IN  EECT 


MOA/oi/rM  sgre  sgr  Outlst  sak 


SAtf  Ai/9  Sv/AAwtKt 


S*9Af 


n-234 


PlATE  90 


lower  guidewall  sections 

UPPER  GUIDEWALL  SIMILAR 


r 


f-6  CovTC.  ^/ocA  /*noA9cr^»n 


t et//»r  A/9rt*9r 


Ur,A9f 

C/9^4^y 


ECTiON  B-0 


40  0 40  80  120 

M 1“  I I 1 

SCALE  IN  EfCT 


y Co^  e.  Cmj9 


SEE  PLATE  91  FOR  GENERAL  NOTES 


AND  O'^^HER  SECT  IONS 

T»  N 1 ^ > « 

VEP  ANC  TP'#lT4BfS  T|«AS 

trinity  river 

M>  L T. 

TTPICAL  LOCK 

Pi  AN, 

Pi  f PUPPOSf  C N4NSI L 

(gravity  type)  and  dam 

ElEvA’iON  and  SECY-ONS 

sc  A,  1 AS  Shown 

^ A®M’  r NC.'Nf  f ■ 

GAivfsToSi  v.iNr  >» 

— • w , 

V f«  1*.  ■iH^iwwHri  0 ‘ ff 

■V'V.v.Yv  hV. •'-AN •>>■;!•.« 

- t\  !•»  •U»  » •!  »'•••  l»*  •!l* 

.. 

y.j*-  - 

(•  4*^  ■'  MCM'M-  «w»>t 

. - . f — 

••••'•  V • vn  s 250  S 

lOlA/eft  ffu/oe  AVAIL 


i/A/0£^  ir/ifocrL/Ape 


ELEVATION  (LOCK  RIVER  WALL) 


£^/L£  y 


SECTION  F-F 


U s ARMY 


^ S'  Sfee/ 


SC*le  l»«  PEET 


Stw0.'  ./ 

M»r  ■ Off 

*V#//  Onamf  Sfr-u<f, 


S^*e'  S^*«^  ^f. 
9<,.f*‘eaif  kVa//' 


IN  or  LOWER  SH 


^ OAres  . ^oor  /9ecOr\-  70/^ 

s/Lc  ro  e Aeer  amok's  f^ooc . 

etcEf^r  o7>rfe»  gates  at  locks  sts  a/wo /oh 

4 THE  EotcOkV"vG  c/p/rt/e.A  s uieo  nne/^e 

A 0/»i  /CA-9C  E 

a SrCEL  HtA/e/MG  E>/L(  C4°AC/rr  9C  rOA/S  4AAr 
V/VOE/V  eXT/ftK4£  COA/>/\  G 
h s^ter  f>/cc  curo/'E  ts  ALc  lea/g//^ 

At£T  K44.K:\iUM 

c £MHAA/KAAt/vr  /‘/fOrtcr/OK  i AHOyE 

A/0/9AAAC  oooc  OA/  tAA'TH  slo/»es  oE>/^os/rc 
SU'Oe  tVALLS  AA//3  4/  HASE  OE"  ffA  ^ L S AS 
S//OA/A! 

5 G(///?E  tVALc  AAfO  GVAJ?0  AAcL  SECT  OA/S  A/9E 
rrp/CAL  Eo»  LOC*ri  e r‘//EouG»  E' 

f>  GPAU/rr  rrPE  t^A.  C S OA/  S£A/E/A/G  P/LESAA't 

OES  GA/eo  ro  9e  'AOE^e/joeA/r lt  srAHcE 

QAMS 

■'  7H£  COa.POl  Oak*  S»Oi\A/  /S  Eex^PESEA/rAr  yE 

OE  OA/iAS  2.  .?.  4.G.  7;  8.  4.  E.  3,  -a,  S,  6.  -7.  .8. 

/9.  EC.  A.K/O  E. 

E COK/POL  OAK1S  AV£  7/07  /V6QC//PCO  AT  S/^E  S 
SA.  S9./OA.  47//0  /OS 

? A COVCPE''E  SS/i  L,V4f  'S  sffOytPEO  EOJV  Oak* 

4 T//7  *'0£4i?/i'.'V6  cs  re/e/A  APE-’L/ES  T-O  AuL 
CO.K’PO,.  OAKtS 

a W/OTH  07  GA76S  - 40  EE 7 ^ 
b /*•  O rn  OE  P/EPS  ■ 8 ^ EE  ^ 

tV'OTH  OE  AACPOL/rPS  - 43  f r 
j TOP  OE  GA765  EE££7  ASOEE  k/PP£P  E>OOl 

e TOP  OE  P/EES,  49u7 K*£  \7S  4VO  570PAGE 
’A<  ■ E E££  ' 4 90/E  P/CP  S'AreE 

♦ 5v^  t^Ei  A'  OV  ■ E EEET  SElO/V  JPPEE  POOu 
ELEVAT/OP  OP  OES/GP  APP/fOACN  CPAVPEL 

eor roK*.  kVM'ts £y( P /s  7st  lo^x-ep  e^  etat/op 


••RtNiTt  RIVE»  AND  TRiBo^ARlES,  tfKAS 

trinity  river 
multiple  purpose  channel 
TYPICAL  LOCK  (GRAVITY  TYPE)  AND  DftM 

SECTIONS 
SCAlE  as  Sh'>WS 

US  AOMt  engineer  D 1 s t R I c f ~ “6ATv E S Ton  JUNE  ire. 

> -V-’ 1 


AU4- 


TRN  ^^0  19 


n-235 


CORPS  Of  ENGINEERS 


r 


CONTQOL 


Bui  KMEAD 

ffecess  - 


PLAN 


CONS£f9VAiUn  POOL 
etit^eees 


4//V  SAVIQATlON  POOL 
£i.£Y  2i5  0 
£L£y  223  0 


Ion?  5 ^ 

'v 


BEPM  FLEl'.  271. G 


/ on  3 


£5Pl  ANAD 
APE 

fLfV  JOS 


SINGLE- LANE  BASCULE  BPlDOt 


670'  P/NTLE  to  P/NTLE 


UPPEP  GATE  GUAPD  PECESS 


CON  CPE  TE  BLOCK  P.'PPAP  / 

ON  FiLTEP  Blanket 


ST/FF  leg  DE prick- 


^EMERGENCY  BULKHEAD 


SHEET  pile  mLL  l^/TH  CAP 


i , E5PLA! 

I -r 

^ ^ ELEII  ■ 

OEPRICK-  ' ^ ^ \ 


BE  PM  elec.  271.0 


ESPLANADE 

AREA 

ELEC  305.0 


r T T T ^ 

> ■! 

^ ■ 

1 

1 ' ! 

1. 

> 3 r 


L 400' 

^ 1- 

1 

1 

El£y  285  0 

' 

-£L£Y.  26i  5 

r 

'T" 

~£i£Y  2.20 

IIIIIIII&  . 

VALVE 

GATE  BAY  _MONOL  / TH. 


LOCK  CMAM86P 
4 70 


TOP  OF  LOCK  yVAu  @ DAM  ELBV  SOSO 


j \\r-ELEY  2200^ 


TOP  OF  lOC>  W4<.4.  EiEf  287  0 


■ ^ -V  - -q|,n_n,  s i-  lyn , .n . ix 

CENTER  LINE  SECTION 


ARMY 


U S 


--  a 

. 1^ 


! on  3^  ^ / on  3 
' '■ 

i y 

i\  - 
i y 

M : . ■ ■■ 


Dike  ELEV2440 


/ 


■i,®; 

- 


- ST££L  Sn££T 
/ PILE  CELLS 


5EPM  ELEV.  271.0 


M . i-  .•  i 

\AN£  BASCULE  BPIDOE 

J i 

i 

Q 

> 

— r M 

LJ  ; 

i 

670' 

P//VTLE 

TO  P/NTLE 

PP  PEC  ESS 

y '■ 

A i.  :,  ,r.  r. 

r.  n 

.1’ 

r:  r. 

I": 

— 

il  Q a kj  UMHOj 

' - EMED6ENCY 
dUL  KNEAD 
PECES5 


QUBMnsoa 


BE  PM  ELEV.  27/.C  T' 

T T T T TTtttttjt'ttttt^ 


UOrq::  :: 


..a  ! : 


IT  I 

400  LOWED  GUIDE  W,4LL  ^ 

~\  ' ' / on  /O  ^ 


I on  , 

y - 


CONCPETE  BLOCK  P!PPAP 
OAi  FiLTEP  Blanket 


DIKE  ELEV  244  0 


PLAN 


A TO 

so 

^LjMZ  ^ <>£  DAAf  EL  EY 

SOSO 

TOP  OF  L OCK 

mu  ELEK  287  0 

^ J 1 I 1 

: ; ri 

I ‘ 

. ; II 

11  1 1 

I 

■ 1 

, h 

■1 

1 

— 

GATE  BAV 

too' 


t 


GATE  ' ' , 
PE  CESS  *1  i 


outlet  BAy  lOWEP  GUIDE  WALL 

OP’  \ AOO 


ELEy  CAAO-; 


\£iEK  3-60\  ' I ' 

:n::|.nnnn|__/ 


UiN  \Ai  6AT/0M  PGCk 
ELEi  ESSO 


CENTER  LINE  SECTION 


SEE  PLATE  93  FOR  OTHER  SECTIONS 
SEE  plate  91  FOR  general  NOTES 


TRiNlTV  RiVfB  AND  TRIBUTARIES,  TfKAS 
TRINITY  RIVER 
Multiple  purpose  channel 
TYPICAL  LOCK(U-FRAME  TYPE -LOCK  lOB) 

Pt  AN  AND  ELEVATION 
s>  * • »S 

US  ARM>  ENG  NFEU  DISTRICT  , GAlVEStON  ' .it:NE 

••»,TTt#*  t TiAMv'wtF 


- >•  • >■»«  -4.,  f.'f  • '{  • «•.  •••• 

••  W [ o' ‘ ■ “ 


TRtN  ?50  19 


n-23t 


PLATE  ^2 


^5rA4  480Ur  t 


CORPS  OF  ENGINEERS 


VAPHS 


VAfflES 


Mff/SS 


SYK!  ABOOT  t 


VAfflES 


yAff/fS 


LAPDEP 


VAPH5 


l/Affl£S 


fi  2170 


SCALE  IN  FEET 


FLOW 


SHEET  PILE  LAYOUT 


SCALE  IN  FEET 


SECTIONS 


JUNE  9f 


♦’ll  i«"'  I »»'Ml  • 4 • i V 

'”■*•'0^  ........  4 

. i*"*“ 


US  ARMY 


&AT£  SUAPOS,  F>POreCT/NO  TM£  UPP£P  GAT£S  AT  LOCkS  f>B  4 '03, 
WILL  SPAK  the  full  width  0£  TH£  LOCK.  TH£y  W/LL  B£  SVP 
P0Pr£0  AWO  ACrUAT£D  By  A M£CHAA//££0  P£i'-’C£  iHypPAUL.'C 
OP  coa  UFTj  P£C£SS£D  W £ACM  WALL.  WHESJ  TH£  GAT£ 
6UAPD  /S  IN  THE  PPOTECT/^£  POSITION  /T  WlL^  BE  MECHAN- 
IZED TO  FLUCTUATE  WITH  THE  PESPECTIKE  POOL  LEl'EL. 
WHEN  THE  UPP£P  GATE  i5  IN  THE  OPEN  POSITION  THE  GATE 
GOAPDS  WILL  PEST  ON  THE  BOTTOM  OF  THE  LOCK.  GATE 
QUAPDS  WILL  BE  MECHANICALLY  SYNCHPONIZED  WITH  THE 
UPPEP  GATE  TO  BE  IN  THE  PPOTECTH/E  POSITION  BEFOPE 
AND  AFTEP  THE  ypPEP  GATE  IS  OPENED. 


n-237 


SECTION  C-C 

.0  0 lO 20 SO 


yitrz 


SEE  PLATE  91  FOR  GENERAL  NOTES 

TRINITY  River  and  tributaries,  tekas 

TRINITY  RIVER 

MULTiPlI  purpose  channel 

TYPICAL  LOCK  (U-FRAME  TYPE-  LOCK  lOB) 


SCAlt  AS  $M(.Wr«t 

US  ARMY  ENGINEER  DISTRICT  . GALVESTON 


GATE  GUARD  SECTION 


oTtt>-  SHEET  PILING 
(BULKHEAD  WALL: 


t.  STEEL  SHEET  PILING 
,20  ' MAX  CUT- OFF  WALL 
UNOEP  STPUCruPE) 


MSEP  FENDEP  SYSTEM 


^ PLATE  S/PPEP  CONSISTING  OF  PLATES, 
/ ANGLES  and  STPUCTUPAL  TEES 


^ 3EPM 


El  2S70 

I 


l68.  NAVIGATION  DAMS. - A total  of  l8  navication  dams  would  be 
required  in  connection  with  the  canalized  Trinity  River.  All  of  the 
navigation  dams,  with  the  exception  of  Dam  No.  11,  would  be  within- 
channel  dams  of  the  movable,  non-navigable  type.  These  dams,  placed 
adjacent  to  the  locks,  would  consist  of  sills,  placed  on  grade  with 
the  flood  discharge  channel,  surmounted  by  tainter  gates.  The  top 
elevation  of  the  tainter  gates  would  be  two  feet  above  the  level  of 
the  upper  navigation  pool.  The  required  cross-sectional  area  of  the 
gates  was  determined  by  the  D'Aubisson  formula  for  the  condition  that 
the  structure  when  passing  bankfull  flows  would  not  raise  the  water 
surface  more  than  0.5  feet  above  the  stage  that  would  exist  without 
the  structure.  Discharges  greater  than  bankfull  capacity  woiild  overflow 
the  banks  and  a part  of  the  flow  would  occur  in  the  flood  plain.  Due  to 
the  submergence  of  the  sill  and  the  cross-sectional  area  of  the  gates, 
no  jump  was  formed  at  the  dam  and  therefore,  apron  design  or  length  of 
riprap  required  below  the  apron  presented  no  particular  problems.  The 
pertinent  hydraulic  data  relating  to  the  navigation  dams  are  shown  in 
table  74. 

169 • Navigation  Dam  No.  11,  located  within  the  flood-control  pool 
of  Tennessee  Colony  Reservoir,  would  be  a fixed  non -navigable  dam.  The 
structure  would  extend  across  the  entire  flood  plain  and  would  consist 
of  a spillway  with  crest  at  elevation  275  aJ^d  a total  length  of  5^700 
feet,  including  a 200-foot  notch  with  crest  at  elevation  271.0.  The 
notch  would  have  a capacity  of  k,800  second-feet  which  is  adequate  to 
pass  the  average  annual  discharge  of  about  3)600  second-feet  plus  about 
500  second-feet  of  return  flow  from  upstream  sources.  Flood  inflows 
to  the  reservoir  would  pass  over  the  uncontrolled  spillway  to  the  lower 
conservation  and  flood-control  pool.  With  one  foot  overflow,  the  spill- 
way would  pass  a flow  of  23,000  second-feet,  which  is  approximately 
equal  to  the  operating  discharge  of  the  multiple -purpose  channel  at 
Lock  and  Dam  No.  12.  Accordingly,  it  is  considered  that  the  spillway 
would  have  no  appreciable  effect  on  the  passage  of  flood  flows. 
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(2)  See  plate  8?  Tor  design  of  Dam  No.  11. 

(3)  Storage  reservoirs,  no  navigation  dams. 


170.  MULTI-PURPOSE  DAMS.-  Dams  are  recommended  at  the  Tennessee 
Colony  site  on  the  Trinity  Piver  at  river  mile  339-2  (improved  channel 
mile  233*61),  Lakeview  site  on  Mountain  Creek,  river  mile  7.2,  Aubrey 
site  on  Elm  Fork,  river  mile  60  0,  and  the  Roanoke  site  on  Denton 
Creek,  river  mile  31*^* 

171.  TENNESSEE  COLONY  DAM. - 

a.  Spill vay  - The  earthen  dam  would  be  located  on  the 
Trinity  River  at  river  mile  339-2  with  the  spillway  on  the  left  bank 
The  spillway  would  consist  of  an  ogee  weir  with  an  underdesigned  crest 
at  elevation  250.0  controlled  by  eleven  ^0-  X 35 -foot  tainter  gates 
separated  by  8-foot  piers.  Details  of  the  spillway  and  stilling  basin 
are  shown  on  plate  9^*  Under  conditions  of  the  spillway  design  discharge 
(552,600  second-feet  through  the  spillway)  the  reservoir  level  would  be 
at  elevation  297*8.  The  proposed  Tennessee  Colony  Reservoir  will  not 
adversely  affect  the  operation  of  the  Cedar  Creek  Reservoir,  now  under 
construction  by  local  Interests,  nor  the  proposed  Richland  and  Tehuacana 
Reservoirs.  The  spillway  rating  curve  is  shown  on  figure  1,  plate  95- 

b.  Outlet  Works.-  Four  3~  X 6-foot  conduits  through  four 

of  the  spillway  gate  piers  would  be  provided  for  diversion  and  conserva- 
tion releases  and  for  practical  draining  of  the  reservoir  to  elevation 
225.. 0.  Each  conduit  would  be  controlled  by  a 3-  X 6-foot  slide  gate  at 
the  entrance.  Trash  racks  and  stop  logs  would  be  provided.  The 
capacity  of  each  conduit  would  be  6IO  second-feet  at  top  of  conservation 
pool  (elevation  262.5)  ^nd  85O  second-feet  at  maximum  reservoir  level 
(elevation  297  8).  Rating  curves  for  the  conduits  are  shown  on  figure  2 
of  plate  95. 

c. .  Tall  water  Rating  Curve  - The  tail  water  rating  curve 
at  the  damsite  is  sho’wn  on  figure  3 of  plate  95*  This  rating  curve 
was  developed  by  backwater  computations  correlated  with  observed  high- 
water  data  and  measurements  at  U S Geological  Survey  strea'ii-gaging 
stations  on  the  Trinity  River.  The  tail water  level  at  the  damsite 
(prior  to  closure  of  the  main  embankment)  for  the  design  discharge  of 
556,00c  second-feet  (combined  flow  spillway  and  conduit)  would  be  at 
elevation  25 0. 9* 
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172. 


LAKEVIE-/  DAM.- 


a.  Spillway. - The  earthen  dam  would  be  located  on  Mountain 
Creek  at  river  mile  7.2  with  the  spillway  in  a saddle  on  the  right  bank. 
The  spillway  would  consist  of  an  ogee  weir  with  an  underdesigned  crest 
at  elevation  5OO.O  controlled  by  three  40-  X 28-foot  tainter  gates 
separated  by  8-foot  piers.  Details  of  the  spillway  and  stilling  basin 
ai’e  shown  on  plate  96.  Under  conditions  of  the  spillway  design 
dischtirge  (95,100  second-feet  through  the  spillway)  the  reservoir  level 
would  be  at  elevation  538.8.  Energy  dissipation  would  be  accomplished 
by  a flip  bucket  with  a 50-foot  bucket  radius  and  a 30  degree  angle. 

'The  top  of  the  bucket  lip  would  be  at  elevation  46l.O.  The  spillway 
rating  curve  is  shown  on  figure  1,  plate  97. 

b.  Outlet  Works.-  The  flood-control  outlet  works  would 
consist  of  a 12-foot  diameter  conduit  controlled  by  two  5-foot  6-inch  X 
12-foot  tractor-type  slide  gates,  with  intake  inverts  at  elevation  460.0 
and  outlet  invert  at  elevation  458.0.  The  conduit  would  be  used  for 
diversion  during  construction,  for  the  passage  of  flood  releases,  and 
for  the  passage  of  low-flow  discharges.  The  capacity  of  the  flood- 
control  conduit  would  be  5 >000  second-feet  at  top  of  conservation  pool 
(elevation  5I8.O)  and  5,900  second-feet  at  maxi.mun  reservoir  level 
(elevation  538.8).  The  outlet  works  rating  curve  is  shown  on  figure  2, 
plate  97- 


c.  Tallwater  Rating  Curve.-  The  tailwater  rating  curve  at 
the  damsite  is  shown  on  figure  3>  plate  97-  The  minimum  tailwater  level 
for  Lakeview  Damsite  is  based  on  the  normal  pod  level  for  Mountain 
Creek  Reservoir,  maintained  at  elevation  457-0.  The  tailwater  rating 
curve  was  developed  by  backwater  methods  based  on  the  downstream  control 
at  the  Mountain  Creek  spillway  (river  mile  4.1).  Tne  tailwater  at  the 
damsite  (river  mile  7-2)  for  the  design  discharge  of  101,000  seco.nd-feet 
(combined  flow  spillway  and  outlet  works)  would  be  at  elevation  461.6. 
Lakeview  Reservoir  was  designed  to  operate  in  conjunction  with  the 
existing  Mountain  Creek  Reservoir  and  will  not  adversely  affect  nor  be 
affected  by  the  existing  project. 
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PLATE  97 


173-  AUBREY  DAM.- 


a.  Spillway. - The  earthen  dam  would  be  located  on  the 
Elm  Fork  of  the  Trinity  River  at  river  mile  60.0  with  the  spillway 

in  a saddle  on  the  right  bank.  The  spillway  would  consist  of  an  ogee 
weir  with  an  underdesigned  crest  at  elevation  600.0  controlled  by 
nine  UO-  X 35 -foot  tainter  gates  separated  by  8-foot  piers.  Details 
of  the  spillway  and  stilling  basin  are  shown  on  plate  98.  Under 
conditions  of  the  spillway'  design  discharge  (350,800  second-feet)  the 
reservoir  level  would  be  at  elevation  640.3*  The  spillway  rating  curve 
is  shown  on  figure  1,  plate  99* 

b.  Outlet  Works.-  The  outlet  works  would  consist  of  two 
36-tnch  diameter  conduits  controlled  by  36-inch  diameter  slide  gates, 
with  intake  inverts  at  elevation  550*0*  The  conduits  would  be  used 
for  the  passage  of  low-flow  releases  and  for  practical  draining  of 
the  reservoir  to  elevation  550*0.  The  capacity  of  each  conduit  would 
be  280  second-feet  at  top  of  conservation  pool  (elevation  625.5),  and 
300  second-feet  at  maximum  reservoir  level  (elevation  640.3)»  Rating 
curves  for  the  conduits  are  shown  on  figure  2 of  plate  99. 

c.  Tallwater  Rating  Curve.-  The  tailwater  rating  curve 

at  the  damsite  is  sho’.«i  on  figure  3 of  plate  99*  The  tailwater  rating 
was  developed  by  backwater  methods  correlated  with  observed  hij^water 
data.  The  tailwater  level  at  the  damsite  for  the  design  discharge  of 
350,800  second-feet  would  be  at  elevation  58O.2. 
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I7I+.  ROANOKE  DAM.- 

a.  Spillway. - The  earthen  dam  would  be  located  on  Denton 
Creek  at  river  mile  32.0  with  the  spillway  in  a saddle  on  the  left 
bank.  The  spillway  would  consist  of  an  ogee  weir  with  an  underdesigned 
crest  at  elevation  58^.0  controlled  by  seven  40-  X 35 -foot  tainter 
gates  separated  by  8-foot  piers.  Details  of  the  spillway  and  stilling 
basin  are  shown  on  plate  100.  Under  conditions  of  the  spillway  design 
discharge  (287>900  second-feet  through  the  spillway)  the  reservoir  level 
would  be  at  elevation  625.7-  The  spillway  rating  curve  is  shown  on 
figure  1,  plate  101. 

b.  Outlet  Works.-  The  outlet  works  would  consist  of  a 
15-foot  diameter  conduit  controlled  by  three  4.5-  X 15-foot  tractor- 
type  slide  gates,  with  intake  inverts  at  elevation  56O.O.  The  conduit 
would  be  used  for  diversion  during  construction,  for  the  passage  of 
flood  releases,  and  for  practical  draining  of  the  reservoir  to 
elevation  56O.O.  The  capacity  of  the  conduit  would  be  9^100  second- 
feet  at  maximum  reservoir  level  (elevation  625.7).  Rating  curve  for 
the  conduit  is  shown  on  figiire  2 of  plate  101.  . 

c.  Tailwater  rating  curve.-  The  tailwater  rating  curve 

at  the  damsite  is  shown  on  figure  3 of  plate  101.  The  tailwater  rating 
curve  was  developed  by  backwater  methods  correlated  with  observed  high- 
water  data.  The  tailwater  level  at  the  damsite  for  the  design  discharge 
of  297 >000  second-feet  would  be  at  elevation  577-5- 
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175-  'TRIBUTARY  CHATINEL  IMPROVEMEOTS  - TREATY  RIVER.-  The  plan  of 
improvement  for  trTuutai’ies  of  the  Trinity  River  (excluding  the  East  Fork) 
listed  in  table  75  Duck  Creek,  a tributary  of  the  East  Fork,  would 
be  designed  to  provide  standard  project  flood  protection.  The  improve- 
ments would  consist  generally  of  an  Improved  channel  with  uniform  bottom 
grades,  channel  realignment,  and  levees.  The  improved  channel  section 
would  have  the  channel  bottom  depressed  1.0  foot  at  center, and  would  have 
1 vertical  on  2 horizontal  side  slopes,  except  as  noted.  The  levees  woulu 
be  modified  or  constructed  to  provide  a minimum  freeboard  of  h feet  above 
the  water  surface  of  the  standard  project  flood.  Bridges  would  have  a 
minimum  freeboard  of  3 feet.  The  hydraulic  friction  losses  were  based 
on  the  Manning  formula  with  coefficients  of  roughness  of  0.035  and  O.O70 
for  channel  and  overbank,  respectively,  except  as  noted.  Table  75  ahov/s 
the  approximate  Trinity  River  channel  miles  and  the  design  conditions  at 
the  confluence  of  each  of  these  tributaries  and  Duck  Creek.  The  plans 
of  improvement  for  these  tributaries  and  for  Duck  Creek  are  shown  on 
plates  52  through  57,  and  102.  The  proposed  channel  widths,  channel 
grades,  design  water  surface,  levee  profiles,  and  location  and  sizes  of 
the  interior  drainage  structures  are  sho’vn  on  plates  85  and  IO3  through 
108.  The  details  for  the  plans  of  improvement  of  some  of  the  larger 
tributaries  are  set  forth  in  the  following  paragraphs. 


TABLE  75 

HYDRAULIC  DESIGN  DATA 

TRINITY  RIVER  - TRIBUTARY  CHANNEL  IMPROVEMENTS 


Tributary 

: Trinity 
; River 
: channel 
: mile 

Mouth  of  tributary 

Design 

discharge 

(cfs) 

Improved 
channel 
bottom  width 
( feet ) 

:Design 
: water 
: surface 
: ( ft -msl ) 

Five  Mile  Creek 

321.50 

63; 500 

50 

396.2 

Honey  Springs  Branch 

326.15 

4,100 

50 

404.8 

White  Rock  Creek 

326.62 

72,100 

150 

405.  " 

Elm  Fork 

338.80 

61 ,000 

100 

425  - ■ 

Mountain  Creek 

3^0.89 

59,000 

300 

4.51  - 0 

Delaware  Creek 

341.20 

17,700 

50 

432.0 

Bear  Creek 

3^6.83 

72,500 

200 

Unnamed  Creek 

355-13 

10,200 

50 

473.0 

Sulphur  Branch 

356.08 

8,100 

50 

475.6 

Walker  Branch 

359-79 

25.800 

50  ' 

483. 

Unnamed  Creek 

361.13 

1,890 

25 

489-3 

Big  Fossil  Creek 

362.92 

52.000 

50 

497 . 2 

Little  Fossil  Creek 

363-68 

17,400 

50 

500.0 

White  Lalce  Outfall 

364.71 

2,000 

25 

203.- 
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17b.  EAST  FORK  IMPROVEMEOTS . - The  proposed  plan  of  improvement 
for  the  East  Fork  would  consist  of  an  improved  channel  which  would 
permit  the  controlled  release  of  ^,000  second-feet  downstream  from 
Forney  Fam  (river  mile  31  • 8)  without  blocking  the  discharge  fiT"^-  the 
interior  drainage  structures  through  the  existing  levees,  strengthening 
the  existing  levees  to  provide  a 2-foot  freeboard  above  the  50-year 
frequency  flood  level,  and  enlarging  the  conservation  storage  for 
Lavon  Reservoir  by  raising  Lavon  Dam  (river  mile  55-9);  as  set  forth 
in  detail  in  "Review  of  Reports  on  Trinity  River  and  Tributaries,  Texas, 
Covering  East  Fork  Watershed."  Profiles  for  the  existing  conditions 
are  sho'wn  on  plate  9- 

177 • DUCK  CPJEEK  IMPROVEMENTS.-  The  proposed  improvement  of  Duck 
Creek  would  extend  from  Oates  Road  (river  mile  10. 38)  througii  the  city 
of  Garland,  Texas,  to  Buckingham  Road  (river  mile  17,50).  The  channel 
would  be  e.nlarged  and  the  bridges  would  be  .modified  to  pass  the  standard 
project  flood  discharge.  The  improved  channel  side  slopes  would  be 
1 on  2,  except  in  the  reach  fro.m  ri'.-er  mile  1^.67  to  15-25  wliich  would 
have  vertical  walls.  'The  improved  channel  v.'ould  have  a bottom  width 
of  150  feet  from  Oates  Road  to  river  mile  15-25,  thence  135"2oot  width 
to  the  upstream  end  of  improvement.  Bacirwater  studies  were  made  based 
on  the  Manning  formula  with  coefficients  of  roughness  varying  from 
0.025  to  0.030.  Channel  velocities  would  vary  fro.m  12  to  17  feet  per 
second  u.nder  desig.n  conditions.  Ti-.e  plan  of  i.mprovement  is  slio'wn  o.n 
plate  102.  Profiles  for  the  improved  and  existing  conditions  are 
shown  on  plate  108- 

178.  ELM  FORK  IMPROVEMENTS.  - The  plai  of  i.mprovement  on  the  Elm 
Fork  shown  on  plates  5^  ozid  55  consists  of  an  i.mproved  channel  from 
its  confluence  with  the  Trinity  River  (improved  channel  mile  538-80) 
to  Elm  Fork  improved  channel  .mile  21.83,  the  downstream  end  of  t)ie 
spillway  discharge  channel  for  Lewisville  Dan.  Channel  widths  would 
vary  from  50  to  100  feet  and  levees  would  extend  to  Elm  Fork  improved 
channel  mile  I5.I  and  Denton  Creek  improved  channel  mile  1-5.  Upstream 
from  the  new  levees,  the  improved  Elm  Fork  charinel  would  be  dcsj^Tel  to 
cai'ry  flows  of  10,000  second-feet  and  the  Denton  Creek  channel,  7,000 
second -feet.  'Table  78  shows  the  design  discliarges , channel  grades, 
widths  and  water  surface  levels  for  the  improved  Elm  Fork  channel.  Tno 
tributai'ies  to  El.m  Fork  would  be  m.odiiied  by  improved  channels  -uid  levn.n  , 
to  complete  the  levee  system  of  Elm  Fork.  T)ic  design  condition.,  a''- 
thc  confluence  of  eaV.  of  these  tributaries  ai  e -.hown  on  1 able  . 

The  profiles  for  tr.e  desi/T*  conditions  of  Ei.m  Fork  and  its  ' ■ ■bu'arr.-.. 
are  shown  on  plates  105  thi'ough  IO7. 


k 


TABLE  76 

HYDRAULIC  DESIGN  DATA  - ELM  FORK  CHANNEL  IMPROVEMENT 
(Trinity  River  Channel  Mile  338-80,  River  mile  505*^8) 


Location  : Channel: 

: mile  : 

Design 

discharge 

(cfs) 

(1.) 

Improved  channel 
Bottom  : Bottom 

grade  ; width 

(ft-jnsl)  :(feet) 

Design 

water 

surface 

(ft-.msl)(2) 

Begin  Improvement 

0.00 

61,000 

484.00 

100 

425.5 

State  Highway  No.  356 

0.58 

61,000 

384.89 

100 

426.0 

CRI&P  R.R. 

1.21 

61,000 

385-85 

100 

42c . 4 

Grade  Control  Change 

1.89 

61,000 

386.90 

100 

426.8 

Grauwyler  Road 

2.62 

61,000 

387.63 

100 

427.3 

Empire  Expressway 

2.70 

61,000 

387-71 

100 

427-4 

State  Highway  No.  183 

4.01 

61,000 

389.02 

100 

427.  V 

Grade  Control  Change  - 

Joes  Creek  Diversion  Channel  4.03 

61,000 

3819 -04 

100 

427.7 

Wildwood  Drive 

5-48 

61,000 

392.10 

100 

429.6 

St.L-SF&T  R.R. 

5-93 

61,000 

393-05 

100 

430.4 

California  Crossing  Road 

6.59 

61,000 

394.45 

100 

431.5 

California  Crossing 

Diversion  Channel 

6.63 

61,000 

394.53 

100 

431.6 

State  Highway  No.  Il4  Bridge  7*20 

61,000 

395.74 

100 

432.6 

Above  State  Highway"  No.  11 4 

- 

58,000 

- 

100 

- 

Hackberry  Cr.  Diversion  Ch. 

7.31 

58,000 

395.97 

100 

432.8 

Royal  Lane  Road 

8-73 

58,000 

398.97 

100 

435  • 4 

Farmers  Br.  Diversion  Ch. 

9.11 

58,000 

399.77 

100 

436,1 

Valley  View  Lane 

10.20 

58,000 

402.08 

100 

438.2 

Dutton  Branch  Diversion  Ch. 

11.99 

58,000 

4a5 . 86 

100 

441.5 

Grapevine  Cr.  Diversion  Ch. 

12.73 

58,000 

467.42 

100 

442.7 

F.M.  Highway  No.  I38O 

12.99 

58,000 

407.97 

100 

443.1 

St.L&SF  R.R. 

13-02 

58,000 

408.04 

100 

443.1 

Carrollton  Channel  Dam 

14.09 

58,000 

410.30 

100 

444.7 

Above  Carrollton  Dam 

- 

44,100(3)  414.68 

50 

44  4.8 

Denton  Rd. -Old  US  Hwy  77 

14.10 

44,100 

414.80 

50 

444 . 9 

Denton  Cr.  Diversion  Ch. 

14.26 

44,100 

415,09 

50 

445.0 

Trinity  Mills  Road 

15.51 

44,100 

418.01 

50 

448.5 

Discharge  Change 

16.36 

44,100 

420.15 

50 

451 . 3 

Above  Denton  Cr.  Floodplain 

- 

31,600 

- 

50 

- 

U.S.  Highway  No.  7? 

16.53 

31,600 

420.55 

50 

451.6 

MKT  R.R. 

16.91 

31,600 

421.47 

50 

451.8 

State  Highway  No.  121 

20.75 

31,600 

430.72 

50 

46i  .4 

Grade  Control  Chaiige 

21.29 

31,600 

432.00 

50 

462.9 

End  Proposed  Diversion 

Channel  - GC&SF  R.R. 

21.83 

31,600 

432.50 

50 

464.6 

(l ) Channel  upstream  from  mile  I5.I  dcciciied  Tor  10,000  cfs  with  no  levee 


recommended. 

(2)  Design  water  surfaces  upstream  from  mile  i;..l  reflect  ovcrbaiik  flow. 

(3)  Combined  flow  Denton  Creek  and  E.Lm  Fork. 
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TABLE  77 


HYDRAULIC  DESIGN  DATA 


TRIBUTARY  CHANNEL  IMPROVEMENTS 
ELM  FORK 

Mouth 

of  tributai 

^ 

; r 

Improved  : 

Design 

Tributary 

: Elm  Fork 

; Design  ; 

channel  : 

water 

r channel 

: discharge: bo 

ttora  width: 

surface 

: mile 

: (.  cfs)  : 

( feet ) : 

( ft  -msl ) 

Joes  Creek 

4.03 

9.1 700 

50 

427.7 

California  Crossing 

6.63 

9;  700 

50 

431.6 

Hackberry  Creek 

7.31 

30,100... 

50 

432.8 

Farmers  Branch 

9.11 

20,000 

75 

436.1 

Hutton  Branch 

11-99 

14,500 

75 

441.5 

Grapevine  Creek 

12.73 

16,600 

50 

442.7 

Denton  Creek 

14.26 

44,100 

40 

445.0 

179.  MOUNTAIH  CREEK  IMPROVEMENTS.-  The  proposed  plan  of 
improvement  for  Mountain  Creek  would  consist  of  improved  cha;inel  and 
levees  downstream  from  existing  Mountain  Creek  Dam_,  river  mile  U.l, 
in  addition  to  construction  of  Lakeview  Dam,  river  mile  7-2,  described 
in  paragraph  174  above.  The  improved  channel  vrould  vary  from  100  to 
300  feet  in  bottom  width  and  the  leveed  floodv/ay  would  pass  the 
standard  project  flood  discharge,  59,000  second-feet,  without  requiring 
any  modification  to  the  existing  Dallas -Fort  Worth  Turnpike  Bridge  at 
improved  channel  mile  l.l4.  The  plai  of  improvement  is  shown  on  plate 
52  an.d  the  improved  channel  proflxe  is  sliown  on  plate  I03. 


^jAENr 


r 


1 

[' 

I 


WATER  RESOURCES  STUDY 
TRINITY  RIVER  BASIN,  TEXAS 


Study  of  Potential  Needs  and  Value  of 
Water  for  Municipal,  Industrial,  and 
Quality  Control  Purposes 


DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE 
Public  Health  Service,  Region  Vll 
Dallas,  Texas 

In  Cooperation  with  the 

DEPARTMENT  OF  THE  ARMY 
U.  S.  Army  Engineer  Districts 
Fort  Worth  and  Galveston,  Texas 


SEPTEMBER  1962 


WATER  RESOURCES  STUDY 


TRINITY  RIVER  BASIN,  TEXAS 


Study  of  Potential  Needs  and  Value  of 
Water  for  Municipal,  Industrial,  and 
Quality  Control  Purposes 


DEPARTMENT  OF  HEALTH,  EDUCATION,  AND  WELFARE 
Public  Health  Service,  Region  VII 
Dallas,  Texas 

In  Cooperation  with  the 

DEPARTMENT  OF  THE  ARMY 
U.  S.  Army  Engineer  Districts 
Fort  Worth  and  Galveston,  Texas 


SEPTEMBER  1962 


TABLE  OF  CONTENTS 


Page 

LIST  OF  TABLES  iii 

LIST  OF  FIGURES  ..........  iv 

I . INTRODUCTION 

Authority  ........  I-l 

Purpose  and  Scope  ......  I-l 

Acknowledgments I-l 

II.  SUMMARY  AND  CONCLUSIONS 

Summary  II- 1 

Conclusions  II- 1 

III.  WATER  RESOURCES  OF  THE  TRINITY  RIVER  BASIN 

Genera  1 .........  . III-l 

Pertinent  Data  ...............  Ill- 1 

Water  Quality  .....  Ill-l 

Runoff III-3 

IV.  DESCRIPTION  OF  STUDY  AREA IV- 1 

V.  ECONOMICS  AND  POPULATION 

Economic  Projections V- 1 

Population  Projections  .....  V-2 

VI.  WATER  REQUIREMENTS 

General VI- 1 

Municipal  Water  Use VI-1 

Industrial  Water  Use  VI-3 


ii 

TABLE  OF  CONTENTS  (Continued) 

Page 

Power  Generation  Water  Use VI- 3 

Nonmunicipal  Water  Use  VI- 3 

Other  Water  Uses VI- 3 

Projected  Basin  Water  Requirements  VI-4 

VII.  WATER  QUALITY  CONTROL 

General VII- 1 

Quality  Parameters  VII-1 

Stream  Loading  VII-2 

Availability  of  Quality  Control  Water  ....  VII-3 

Basin  Operations  Plan  to  Maintain  Water 

Quality VII-3 

VIII.  PLANS  FOR  SUPPLYING  FUTURE  WATER 

REQUIREMENTS VIII- 1 

IX.  BENEFITS  OF  STORAGE 

Evaluation  Method  ...  IX- 1 

Costs IX- 1 

Alternative  Plans IX- 1 


iii 


r 


LIST  OF  TABLES 


Table  III-l. 


IV- 1. 


V-1. 


V-2. 
VI- 1. 


VI- 2. 


Pertinent  Data--Proposed  Reservoirs, 
Trinity  River  Basin  . . 

Characteristics  of  the  Subareas  . . . , 

Study  Area  Employment,  Present  and 

Projected  

Population  Base  and  Projections  by 

Subareas  . . 

Per  Capita  Municipal  Water  Use  for 

the  Year  2020  . . . 

Subarea  Needs  ...  


VI-3.  Proiected  Water  Requirements  for 

the  Trinity  River  Basin  

VIII- 1.  Summary  Water  Balance  

IX-1.  Benefits  of  Storage  in  Wallisville 

and  Enlarged  Lavon  Reservoirs  . . . . 

IX-2.  Benefits  of  Storage  in  Lakeview, 

Aubrey,  Roanoke,  and  Tennessee 
Colony  Reservoirs  , 

IX-3.  Benefits  of  Storage  for  Municipal 
and  Industrial  Water  Supply  and 
Water  Quality  Control  Purposes  in 
Tennessee  Colony  and  Aubrey  Reser- 
voirs   


Page 

III-2 
IV- 2 

V-1 

V-2 

VI- 1 
VI-2 

VI-4 

VIII-2 

IX-1 

IX-2 

IX-3 


iv 


LIST  OF  FIGURES 


Following 


Page 

Figure  1.  Existing  and  Proposed  Reservoirs  III-l 

2.  General  Location  Map IV- 1 

3.  Population  Projections  V-2 

4.  Projected  2020  Unit  Industrial  Water  Use  . . VI-3 


I 

I 

1 


1 


i 

i 

I 

I 


I-l 


I.  INTRODUCTION 
Authority 

In  a letter  dated  June  8,  1959,  the  Corps  of  Engineers, 

Fort  Worth  District,  requested  "HEW  views  and  recommendations  on 
present  and  prospective  municipal  and  industrial  water  supply  needs 
in  Trinity  River  Basin,  including  Houston  municipal  and  industrial 
complex."  The  request  was  subsequently  expanded  to  cover  a 100- 
year  future  period  and  to  include  the  needs  for  storage  of  water 
for  quality  control  purposes. 

This  study  has  been  made  in  accordance  with:  (1)  the  Water 

Supply  Act  of  1958  (Public  Law  85-500,  Title  III)  and  a Memorandum 
of  Agreement  between  the  Department  of  the  Army  and  the  Department 
of  Health,  Education,  and  Welfare,  dated  November  4,  1958;  and  (2) 
the  Federal  Water  Pollution  Control  Act  (Public  Law  84-660)  as 
amended  by  Public  Law  87-88. 

Purpose  and  Scope 

This  report  indicates  the  requirements  for  municipal,  indus- 
trial, and  water  quality  control  purposes  to  the  year  2070  in  the 
Trinity  River  basin  including  the  Houston  municipal  and  industrial 
complex.  Estimates  are  made  of  the  benefits  attributable  to  the 
storage  of  water  for  these  purposes  in  proposed  Federal  reservoirs. 
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II.  SUMMARY  AND  CONCLUSIONS 


Summary 

There  are  23  exiscing,  under  construction,  and 
authorized  reservoirs  in  the  basin  with  storage 
capacities  in  excess  of  5,000  acre- feet  each. 

In  addition,  there  are  19  proposed  major  reser- 
voirs planned  within  the  basin.  Of  the  latter 
group,  only  Tennessee  Colony,  Lakeview,  Aubrey, 
Roanoke,  and  Wallisville  Reservoirs,  and  the 
enlargement  of  Lavon  Reservoir  are  Federal 
projects  . 

All  of  the  projections  and  estimates  contained 
in  this  report  presuppose:  (a)  The  existence 

of  the  Trinity  River  navigation  canal  to  Fort 
Worth;  and  (b)  a design  drouth  similar  to  the 
one  which  occurred  in  the  years  1950-1957. 


Gone lus ions 


Efficient  development  of  all  of  the  water  re- 
sources of  the  Trinity  River  basin  is  essential 
to  the  continued  growth  of  the  area.  To  attain 
full  utilization  of  these  resources  for  munici- 
pal, industrial,  agricultural,  navigation,  and 
recreation  purposes  will  require  abatement  of 
the  present  pollution  in  the  upper  basin  as  well 
as  control  of  future  pollution  throughout  the 
area.  Therefore,  provision  of  water  to  maintain 
minimum  quality  conditions  in  the  river  must  be 
made  a part  of  the  water  supply  plan  until  such 
time  as  future  advances  in  waste  treatment 
technology  can  economically  provide  for  removal 
of  residual  pollutants  before  they  reach  the 
s tream. 

2.  The  study  area's  population  is  expected  to  reach 
12  million  by  the  year  2020  and  23  million  by 
the  year  2070 

3.  Projected  municipal  and  industrial  water  need- 
are  5,100  mgd  (million  gallons  per  day)  i 

and  9,700  mgd  iii  2070  lor  the  4h-coun:v 


area  . 
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4.  With  tilt;  water  supply  plan  as  herein  presented, 
the  potential  water  resource  in  the  Trinity 
River  basin  is  sufficient  to  satisfy  all  pro- 
jected water  requirements  within  the  basin,  in- 
cluding the  diversion  of  the  presently  agreed 
anvount  to  the  city  of  Houston  until  the  year 
2070. 

5.  To  maintain  water  quality  within  the  Trinity 
River  basin  and  on  the  Buffalo  Bayou  watershed 
will  require  releases  from  storage  of  about 
1,650  mgd  in  2020  and  3,600  mgd  in  2070  based 
on  90  percent  removal  of  BOD  and  15  percent  re- 
moval of  total  dissolved  solids. 

6.  Maintenance  of  water  quality  within  the  Trinity 
River  basin  beyond  the  year  2020  is  dependent 
upon  the  improvement  of  waste  treatment  tech- 
niques . 

7.  With  increased  water  reuse  and  minimal  use  of 
water  for  cooling,  the  projected  municipal  and 
industrial  study  area  water  needs  until  2070 
can  be  satisfied. 

8.  The  study  area  outside  the  Trinity  River  basin, 
with  the  exception  of  Houston  which  will  receive 
840  mgd,  will  be  served  by  sources  outside  the 
Trinity  River  basin. 

9.  The  estimated  benefits  of  storage  by  purpose  for 
the  six  proposed  Federal  projects  in  the  Trinity 
River  basin  are  shown,  in  Tables  IX- 1 and  IX-2, 
pages  IX- 1 and  IX-2.  The  benefits  shown  in 
Table  IX-3,  page  IX-3,  for  water  quality  control 
represent  the  value  of  storage  for  this  purpose 
at  the  reservoir  site  plus  the  cost  of  trans- 
porting the  required  amount  of  water  in  the  case 
of  Tennessee  Colony  Reservoir. 
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III.  WATIiR  RKSOURCES  OF  THE  TRINITY  RIVER  BASIN 

Geneva  1 


There  has  been  considerable  water  resource  development  in 
the  Trinity  River  basin  in  the  past.  There  are  2'i  existing,  under 
construction,  and  authoriiied  reservoirs  in  the  basin  with  storage 
capacities  in  excess  o!  5,000  acre-feet  each,  and  79  reservoirs 
having  a capacity  of  less  than  5,000  acre- feet.  Several  agencies 
have  devised  plans  for  the  ultimate  development  of  the  surface 
water  resource  in  the  basin.  The  19  proposed  Trinity  River  basin 
reservoirs  are  shown  in  Figure  1.  This  report  is  concerned  with 
six  proposed  reservoirs  in  the  basin  in  which  there  is  Federal 
interest.  These  are  Likeview,  Tennessee  Colony,  Wallisville, 
Aubrey,  and  Roanoke  Reservoirs  and  the  enlargement  of  Lavon 
Reservoir . 


Pertinent  Data 

Pertinent  data  on  storage  capacity,  yield,  and  related  facts 
regarding  the  proposed  projects  are  presented  in  Table  III-l.  The 
six  reservoirs  under  cons  idir.i  t ion  can  provide  592.5  million  gallons 
per  day  of  water  for  municipal,  industrial,  and  water  quality  con- 
trol uses. 


Water  Quality 

The  two  primary  measures  of  water  quality  used  in  this  study 
are  total  dissolved  solids  and  biochemical  oxygen  demand  (BOD). 

Th>  total  dissolved  solids  concentrations  of  waters  within 
the  basin  presently  vary  from  a low  of  100  mg/1,  to  a high  of 
1,000  mg/1.  Concentrations  in  excess  of  500  mg/1 . are  very  few 
and  are  confined  to  the  lower  coastal  region.  These  high  concen- 
trations are  due  to  brackish  Gulf  of  Mexico  waters  which  affect 
the  mineral  quality  of  the  river  as  far  as  40  miles  Inland.  In 
general,  the  mineral  quality  of  the  Trinity  basin  can  be  described 
as  good  to  very  good  . 

On  the  other  hand,  the  organic  quality  of  a large  part  of 
waters  of  the  basin  is  presently  very  poor.  Above  Fort  Worth 
and  below  the  San  Jacinto  County  line,  the  organic  quality  of  basin 
streams  can  be  classified  as  good.  This  is  due  to  light  pollution 
loads  entering  the  basin  above  Fort  Worth  and  the  self- recovery 
ot  the  stream  from  the  high  loads  imposed  by  the  Fort  Worth  and 
Dallas  complex  by  tlie  Lime  t lie  river  reaches  the  San  Jacinto 
County  line.  Below  tlie  confluence  of  Marine  Creek  with  the  West 
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Fork  in  Fort  Worth  and  downstream  to  Rosser  in  Kaufman  County,  the 
conditions  in  the  river  are  generally  anaerobic  and  associated  of- 
fensive odors  persist.  Downstream  from  Rosser,  sufficient  tributary 
dilution  and  reaeration  occur,  almost  overcoming  the  effects  of  the 
organic  po llution, upon  reaching  the  San  Jacinto  County  line. 

With  the  exception  of  the  watershed  of  the  proposed  Tennessee 
Colony  Reservoir,  the  waters  in  the  watersheds  of  the  proposed  reser- 
voirs are  not  presently  subjected  to  extensive  contamination  from 
communities,  industries,  or  other  sources. 

The  waters  at  all  six  proposed  reservoir  sites  are  considered 
acceptable  as  raw  water  supply  for  general  municipal  and  industrial 
purposes . 


Runoff 


Runoff  within  the  area  is  characterized  by  large  variations 
annually  as  well  as  seasonally.  Within  the  Trinity  River  basin, 
periods  of  zero  flow  have  been  experienced  on  all  tributaries  of 
the  river  with  the  exception  of  the  West  Fork  between  Fort  Worth 
and  Dallas  where  upstream  sewage  releases  account  for  the  base  flow 
of  the  stream  during  dry  periods.  The  estimated  average  annual 
natural  runoff  of  the  entire  Trinity  River  basin  for  the  period 
1941-1956  was  5,770,200  acre- feet. 
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IV.  DESCRIPTION  OF  STUDY  AREA 

Those  counties  which  lie  within  the  Trinity  River  basin  and 
those  adjoining  counties  which  could  reasonably  be  served  by  waters 
from  the  basin,  or  are  an  economic  part  of  the  potential  water 
service  area,  were  included  in  the  study  area.  This  area,  as  shown 
in  Figure  2,  comprises  46  counties  representing  approximately  15 
percent  of  the  land  area  of  the  State  of  Texas  and  43  percent  of 
its  population. 

The  study  area  was  divided  into  10  subareas  for  the  purpose 
of  providing  suitable  size  base  areas  for  study,  at  the  same  time 
maintaining  a reasonable  degree  of  homogeneity  of  economic,  wat°r 
resource,  and  geographic  factors.  The  characteristics  of  the  sev- 
eral subareas  are  shown  in  Table  IV- 1. 

The  climate  of  the  study  area  is  extremely  diverse.  It  varies 
from  dry,  subhumid  in  the  northwest  to  humid  along  the  coast  of  the 
Gulf  of  Mexico.  Heavy  rainstorms  are  common  throughout  the  area 
and  occasional  tropical  storms  enter  the  area  from  the  gulf.  Average 
winter  and  summer  temperatures  in  the  northwestern  half  of  the  area 
vary  from  42°F  to  85‘^F,  and  in  the  southeastern  half  from  54*^F  to 
83°F.  Mean  annual  rainfall  varies  from  27  inches  at  the  extreme 
northwestern  edge  of  the  area  to  51  inches  along  the  gulf  coast. 

The  growing  season  is  about  232  days  in  the  northeastern  por- 
tion of  the  area  and,  in  the  southeastern  portion,  averages  about 
277  days. 
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V. 


ECONOMICS  AND  POPUIATION 
Ecununi^c  Projec  •'oils 


Agricultural  production  of  the  study  area  is  expected  to 
increase  140  percent  by  the  year  2020.  Four  percent  of  the  labor 
force,  or  70,j.l2  workers,  were  engaged  in  agriculture  in  1960.  By 
2020,  1 percent  of  the  labor  force,  or  55,100  workers,  will  be 
sufficient  to  achieve  the  expected  production. 

Mining  is  very  important  to  the  economy  >£  the  study  area 
and  accounts  for  about  2]  percent  of  its  incon>" . In  1960  almost 
3 percent  of  the  area's  labor  force  was  emplc.  'd  in  mining  com- 
pared to  a national  average  of  slightly  more  than  1 percent. 
Employment  in  mining  is  expected  to  increase  from  45,909  workers 
in  1960  to  76,700  workers  in  2020.  This  will  represent  about 
2 percent  of  the  labor  force  in  2020. 

A part  of  the  projected  national  increase  in  the  demand  for 
timber  and  forest  products  will  be  satisfied  by  these  resources  of 
the  study  area.  The  present  production  rate  is  only  52  percent  of 
the  net  annual  growth  and  can  be  expected  to  improve  with  good 
forestry  management  practices.  Employment  in  forestry  can,  there- 
fore, be  expected  to  increase  from  1,382  in  1960  to  27,000  by  the 
year  2020.  A summary  of  present  and  future  employment  is  shown  in 
Table  V-1. 


Table  V-1 


Study 

Area  Employment 

Presen 

t and  Proiected 

1960 

2020 

l.abor 

Force 

Labor 

Force 

Industry 

Number 

Percent 

Number 

Percent 

Agriculture 

70,112 

4.3 

55, 100 

1.2 

Forestry  and  Forest 

Produc  ts 

1, 382 

0.1 

27,000 

0.6 

Mining 

45,909 

2.8 

76,700 

1.6 

Manufacturing 

323,454 

19.9 

1,004,800 

21.4 

Service  Industries 

1,114,302 

58.4 

3, 347,400 

71.2 

Unemp loyed 

74,139 

-- 

-- 

-- 

Labor  Force 

1,629,298 

-- 

4,699,100 

-- 
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Tht'  manv:£ac:.uri]ij.,  ;ndustries  are  expected  to  form  an  impor- 
tant part  of  the  futort  economic  base  of  the  study  area.  Employment 
in  these  categories  has  increased  157  percent  in  the  two  decades 
since  1940.  In  1960,  323,454  workers,  or  20  percent  of  the  labor 
force,  were  engaged  in  manufacturing.  By  2020,  about  21  percent,  or 
1,004,800,  will  be  so  employed. 

The  service  industries,  which  include  sales,  insurance,  fi- 
nance, personal  services,  and  transportation,  employed  68  percent 
of  the  labor  force,  or  1,114,302  workers,  in  1960.  Based  on  past 
national  trends  modified  by  relative  growth  and  income  in  the  area, 
comparable  employment  in  2020  will  be  about  3,347,000  workers,  or 
' 71  percent  of  the  labor  force. 

Ponulatfun  Projections 

The  rate  of  population  growtii  in  the  three  metropolitan  sub- 
areas  has  been  about  3.5  percent  per  year  compared  to  the  national 
average  for  me  trwoo  1 i t a."  centers  of  abouL  2.25  percent.  This  trend 
of  higher  growth  rates  • n the  study  area  can  be  expected  to  continue 
as  indicated  by  it;,  econojnic  potential.  The  metropolitan  subareas 
; of  Dallas,  Fort  Worti;,  ami  Houston  are  proiecced  to  increase  from 

3,444,702  in  l9bQ  to  10,722,000  by  2020  and  to  20,101,000  by  2070. 

I, 

|l  A summary  o:  she  population  projections  by  subareas  is  pre- 

j seated  in  Table  U-2  and  Figure  3.* 

Table  V-2 


PoDulat'on  Base 

and  Froiections  by 

Subareas 

Subare 

2020 

2070 

i 

59 , 649 

101,000 

160,000 

2 

54,785 

148,000 

282,000 

3 

95,503 

314 ,000 

528,000 

4 

99,088 

304,000 

575,000 

5 

15,862 

220,000 

350,000 

6 

107,711 

204,000 

325,000 

7 

100,498 

328,000 

614,000 

8 

573,215 

2,265,000 

4,247,000 

9 

1,083,601 

3, 199,000 

5,001,000 

10 

1,787,886 

5,258,000 

9,853,000 

Total 

4,077,896 

12 , 34 1 , 000 

23,035,000 

*Munic 

ipa  1 

Is  defined  her-' 

a.s  including  the  population  of  all  pla 

of  1, 

000 

or  more  pi' r. so  ns. 

and  nonmunicipal  is 

the  classification 

used 

for 

the  remainder  >1 

the  population. 
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VI.  WATER  REQUIREMENTS 
General 


Under  the  provisions  of  Title  III,  Public  Law  85-500,  the 
inclusion  of  storage  to  meet  present  or  anticipated  future  demand 
or  need  for  municipal  and  industrial  water  is  authorized  in  any 
reservoir  project  surveyed,  planned,  or  constructed  by  the  Corps 
of  Engineers,  U.  S.  Army.  A Memorandum  of  Agreement  dated 
November  A,  1958,  between  the  Department  of  the  Army  and  the  De- 
partment of  Health,  Education,  and  Welfare  states  that  the  Public 
Health  Service  will  submit  to  the  Corps  of  Engineers  a report  of 
its  views  and  recommendations  on  present  and  prospective  needs 
for  municipal  and  industrial  water  supply  and  the  desirability 
of  meeting  those  needs  from  the  project  or  projects  under  con- 
sideration . 

The  probable  future  water  requirements  of  the  study  area  in 
the  year  2020  are  based  on  detailed  economic  and  population  pro- 
jections, coupled  with  analyses  of  unit  water  requirements.  The 
overall  unit  water  use  determined  for  the  projected  population  in 
2020  is  assumed  to  remain  constant  for  the  period  from  2020  to  2070. 
Therefore,  determination  of  the  2070  water  requirements  involves 
population  as  the  only  variable. 

Municipal  Water  Use 

Municipal  water  is  defined  here  as  municipally  supplied 
water  for  all  purposes  excluding  that  supplied  to  industrial  es- 
tablishments. Included  in  the  resxilting  per  capita  quantities 
are  losses  in  the  distribution  system,  treatment  plants,  and 
terminal  reservoirs. 

Future  municipal  water  needs  are  calculated  by  multiplying 
the  estimated  2020  per  capita  use  by  the  projected  municipal  popu- 
lation for  the  area.  The  expected  variation  in  gallons  per  capita 
day  use  with  climate  in  the  study  area  is  shown  in  Table  VI- 1. 

Total  estimated  municipal  requirements  are  summarized  in  Table 
VI-2. 


Table  VI- 1 


Per  Capita  Municipal  Water 

Use  for  the  Year 

2020 

Subarea 

gpcd 

Subarea 

sped 

1 

180 

6 

165 

2 

175 

7 

155 

3 

170 

8 

175 

4 

160 

9 

175 

5 

160 

10 

155 
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Table  VI-2 

Subarea  Needs 

2020  Water  Needs  In  MGD 
Thermal 


Power 

Non-  — 

Sub- 

Total 

Total* 

Munic-  Indus-  i 

Genera 

- munic  - 

Irri-  Navi- 

area 

Water 

M.  & I. 

ipal  trial 

tion 

ipa  1 

gation  gation 

1 

20.9 

18.6 

15.7 

2.9 

2.3 

2 

30.6 

27.5 

22.7 

4.8 

-- 

3.0 

0.1 

-- 

3 

60.3 

55.9 

49.2 

6.7 

-- 

4.4 

-- 

4 

80.0 

48.5 

44.2 

4.3 

-- 

4.6 

26.9 

-- 

5 

196.2 

140.2 

28.6 

67.9 

43.7 

7.2 

48.8 

-- 

6 

131.6 

77.5 

26.8 

50.7 

-- 

7.2 

46.9 

-- 

7 

302.5 

268.2 

43.6 

224.6 

-- 

8.6 

25.7 

-- 

8 

582.1 

580.8 

394.9 

74.5 

111.4 

1.1 

0.2 

-- 

9 

782.7 

774.2 

554.9 

67.5 

151.8 

3.1 

5.4 

10 

3,451.1 

3,  107.5 

793.9  2; 

,047.7 

265.9 

11.5 

275.1 

57.0 

Study 

Area 

5,638.0 

5,098.9 

1,974.5  2, 

,551.6 

572.8 

53.0 

429.1 

57.0 

% 

% of 

Total 

100.0 

90.5 

35.0 

45.3 

10.2 

0.9 

7.6 

1.0 

2070 

Water  1 

Needs 

in  MGD 

Total 

Total* 

Non- 

Irriga- 

Naviga 

- 

Subarea 

Water 

M.  & I. 

municipal 

tion 

tion 

1 

33.8 

31.9 

1 

.9 

2 

58.8 

56.5 

2 

.2 

0.1 

-- 

3 

121.3 

119.6 

1 

.7 

-- 

-- 

4 

127.1 

95.6 

4 

.6 

26.9 

»- 

5 

293.4 

238.5 

6 

.1 

48.8 

-- 

6 

191.1 

137.0 

7 

.2 

46.9 

-- 

7 

582.7 

549.3 

7 

.7 

25.7 

-- 

8 

1,091.8 

1,091.0 

0 

.6 

0.2 

9 

1,429.4 

1,421.8 

2 

.2 

5.4 

10 

6,249.3 

5,909.3 

_1_ 

275.1 

57.0 

Study  Area  10,178.7 

9,650.5 

.1 

429.1 

57.0 

% of  Total 

100.0 

94.8 

0 

.4 

4.2 

0.6 

♦Including  consumpclve  use  for  thermal  power  generation. 
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Industrial  Water  Use 

The  definition  of  industrial  water  used  here  refers  to  all 
water  regardless  of  source  used  by  the  manufacturing  industries 
(Standard  Industrial  Classification  categories  13,  14,  and  20  through 
39).  The  total  industrial  requirements  are  determined  by  combining 
the  projected  number  of  employees  with  the  projected  unit  employee 
water  use  for  each  of  the  several  industrial  categories.  Industrial 
water  use  is  shown  in  Table  VI-2.  Regional  differences  in  industrial 
practice  have  been  accounted  for  in  the  base  data  which  were  obtained 
from  an  industrial  survey  of  the  study  area.  Adjustments  have  been 
made  for  anticipated  recirculation  and  reuse  practices.  Figure  4 
illustrates  the  variation  wliich  is  expected  in  unit  water  use  for 
a composite  of  all  industries. 

Power  Generation  Water  Use 

Consumptive  water  use  for  thermal  power  generation  is  a part 
of  the  industrial  requirements  but  is  determined  separately  since 
water  for  this  purpose  is  a function  of  population  rather  than  em- 
ployment. Information  on  future  water  use  was  gathered  from  power 
companies  in  the  area  and  combined  with  data  developed  by  the  Federal 
Power  Conmiission  and  the  Edison  Electric  Institute  for  the  Senate 
Select  Committee  on  National  Water  Resources.  The  general  locations 
of  future  power  generating  installations  were  determined  and  the 
projected  needs  apportioned  throughout  the  study  area  according  to 
the  service  areas  for  the  several  generating  plants.  The  water 
requirements  for  this  purpose  are  shown  in  Table  VI-2. 

Nonniun ic ipa  1 Water  Use 

A small  segment  of  the  total  water  needs  that  is  sometimes 
overlooked  is  that  of  nonmunicipal  water  supply  for  purposes  other 
than  irrigation.  In  an  area  where  the  terminal  year  requirement 
for  all  of  the  water  available  is  anticipated,  however,  an  estimate 
of  this  use  becomes  necessary  so  as  not  to  understate  the  total 
water  requirements  . 

For  purposes  of  this  study,  the  nonmunicipal  water  require- 
ments are  assumed  to  consist  of  domestic  water  for  nonmunicipal 
population  and  water  for  the  maintenance  of  livestock.  The  require- 
ments for  nonmunicipal  water  are  sliown  in  Table  VI-2. 

Other  Water  Uses 

Projected  irrigation  and  navigation  uses  were  furnished  by 
the  Corps  of  Engineers.  These  estimates  are  also  included  in 
Table  Vl-2. 
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legend: 

2 53  Projecttd  2020  unit  industrial  water  use  gal./emp  day. 
8 Gal  Ians  of  water  used  per  Dollar  of  Value  Added  by 
Manufacture  in  1958. 
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Projeclecl  Basin  Water  Requirements 

For  purposes  of  comparison  with  previous  and  concurrent  studies 
and  to  avoid  duplication  of  water  demands  in  adjoining  river  basins, 
projections  of  water  demand  for  the  area  totally  within  the  boundaries 
of  the  Trinity  River  basin  were  also  estimated  and  are  shown  in  Table 
VI-3.  These  were  calculated  from  the  subarea  projections  shown  in 
Table  VI-2.  In  this  case,  the  basin  is  divided  into  three  parts  as 
follows : 

1.  Upper:  All  of  the  watershed  area  upstream  of 

Tennessee  Colony  Reservoir. 

2.  Middle:  The  watershed  area  downstream  of  the 

upper  basin  and  upstream  of  the  north  boundary 
lines  of  Polk  and  San  Jacinto  Counties. 

3.  Lower:  The  remainder  of  the  watershed  area. 

Table  VI- 3 

Projected  Mater  Requirements 
for  the  Trinity  River  Basin 

Water  Requirements  in  MGD 

Non- 


Subbasin 

Total 

Tota  1 
M&I* 

munic- 

ipal 

Irriga- 

tion 

Naviga- 

tion 

Export 

Quality 

For  the  Year  2020 

Upper 

1,677 

1,513 

15 

69 

0 

0 

80 

Middle 

295 

227 

3 

65 

0 

0 

0 

Lower 

1,461 

340 

_2 

222 

_57 

840 

_0 

Total 

3,433 

2,080 

20 

356 

57 

840 

80 

For  the  Year  2070 

Upper 

2,877 

2,797 

11 

69 

0 

0 

0 

Middle 

504 

435 

4 

65 

0 

0 

0 

Lower 

1,806 

686 

222 

840 

_0 

Total 

5,187 

3,918 

16 

356 

57 

840 

0 

*Includes  consumptive  use  for  thermal  power  generation. 
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VII.  WATER  QUALITY  CONTROL 


Geiicra  1 


Under  the  provisions  of  fhe  Federal  Water  Pollution  Control 
Act,  Public  Law  84-060  us  amended,  consideration  must  be  given  to 
the  inclusion,  in  any  reservoir  being  planned  by  a Federal  agency, 
of  storage  tor  regulation  of  streamflow  to  control  water  quality. 
Storage  and  release  of  tliis  water  is  not  to  be  provided  as  a substi- 
tute for  adequate  treatment  or  control  of  wastes  at  their  sources. 

When  treatment  methods  improve,  the  need  for  addition  of  water 
to  maintain  quality  will  diminish  and  may  someday  entirely  disappear. 
Until  such  time,  however,  it  is  essentia]  that  recognition  be  given 
to  the  need  for  flows  which  must  prevail  in  receiving  streams  if 
their  water  quality  is  to  be  maintained  at  acceptable  levels.  There- 
fore, estimates  of  the  water  required  to  maintain  quality  in  the 
waters  of  the  Trinity  River  basin  and  in  the  Buffalo  Bayou  watershed 
have  been  made  since  llu'se  demands  are  an  inseparable  part  of  the 
water  supply  plan  for  the  study  area.  For  the  remainder  of  the  area 
outside  the  Trinity  River  basin,  studies  of  wastes  were  not  made 
since  their  disposal  is  not  expected  to  affect  the  interbasin  trans- 
fer o f water  . 


Parameters 

The  determination  of  water  quality  takes  into  consideration 
the  wastes  which  will  result  from  the  economic  development  of  an 
area  and  tlie  effects  of  tiu'se  wastes  on  stream  regimen.  At  any  point 
in  a stream,  the  v,/ater  quality  will  be  the  result  of  mixing  various 
qualities  and  quantities  of  water  which  make  up  the  total  flow 
modified  by  forces  such  as  reaeration  and  evaporation  wliich  tend 
to  change  its  cliaracLer. 


A comprehensive  study  of  water  quality  requires  the  analysis 
of  a large  number  of  individual  contaminants  wliich  occur  in  most 
streams.  For  long-term  jilanning,  however,  it  is  not  considered 
necessary  to  make  detailed  studies  of  this  nature.  Estimates  of 
pollution  are  based  on  water  use  as  a logical  outgrowth  of  present 
conditions  and  technology.  To  assign  values  to  a multiplicity  of 
waste  constituents  would  create  an  apocryphal  condition  without  any 
degree  of  probability.  Therefore,  quality  analysis  is  based  on 
broad  parameters  which  are  currently  available  for  evaluation  of 
future  stream  conditions.  Total  dissolved  solids  projections  are 
employed  to  characterize  the  effects  of  stable  pollutants  (those 
constituents  which  are  not  utilized  or  reduced 
ment).  Dissolved  oxygen  content  is  applied  as 
pollutants  (those  cons  L i tuc-nts  which  decay  and 
on  by  the  stream  environment). 


by  streaiii  environ- 
a measure  of  unstable 
act  on,  or  are  acted 
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Stream  Loading 

An  estimate  of  waste  loads  likely  to  be  discharged  to  the 
stream  in  the  future  is  the  first  step  necessary  in  forecasting 
water  quality  conditions. 

The  expected  amounts  of  return  flow  and  characteristics  of 
the  wastes  were  estimated  and  the  following  assumptions  regarding 
quality  control  requirements  were  made. 

1.  Sufficient  treatment  will  be  provided  to  remove 
90  percent  of  the  biochemical  oxygen  demand  and 
15  percent  of  the  total  dissolved  solids. 

2.  Evaporation  and  seepage  from  streams  are  reflected 
in  streamflow  records  requiring  no  adjustment. 

Adjustments  for  evaporation  in  reservoirs  were 
necessary,  however. 

3.  Uniform  mixing  of  wastes  and  receiving  waters 
will  occur. 

4.  Water  for  quality  control  is  required  when  the 
dissolved  oxygen  content  of  the  mixed  water  in 
the  stream  is  below  4.0  milligrams  per  liter 
(mg/1.)  or  the  total  dissolved  solids  exceed 
1,000  mg/1. 

Analysis  of  the  basin  based  on  the  above  assumptions  indicated 
the  following: 

1.  The  waters  of  the  basin  will  not  be  degraded 
below  acceptable  limits  by  the  stable  pollutants 
(total  dissolved  solids). 

2.  Organic  pollution  in  the  reach  between  Fort 
Worth  and  the  Tennessee  Colony  Reservoir  site 
exceeds  the  assimilative  capacity  of  the  stream 
at  present  and  will  continue  to  do  so  in  the 
future . 

3.  The  waters  available  for  quality  control  in  the 
basin  upstream  of  the  points  of  need  are  not 
adequate  to  raise  the  dissolved  oxygen  level  of 
the  stream  to  acceptable  standards. 


k JM 
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FurLht-T  atiidicvs,  however,  indicated  that  a plan  for  maintain- 
ing the  water  quality  of  tlie  baain  could  be  developed  through  ef- 
ficient use  ot  available  dilution  watir  and  allowances  for  improved 
waste  treatment  teclinology. 

Availability  of  Quality  Control  Water 

Since  this  report  recognizes  prior  commitments,  agreements, 
and  permits  of  local  interests,  storage  for  water  quality  control 
purposes  is  available  only  in  the  several  proposed  Federal  projects, 
the  largest  of  which  is  located  downstream  from  the  points  of  water 
need.  After  1970,  some  water  will  be  available  in  Aubrey  Reservoir 
upstream  of  Dallas  on  an  interim  basis.  The  initial  quantity  is 
about  65  mgd  (increased  system  yield)  which  will  gradually  decrease 
until  it  is  all  needed  to  meet  municipal  and  industrial  requirements. 

An  operation  plan  of  surface  water  reservoirs  in  the  basin 
was  developed.  Tlie  prime  function  of  this  plan  is  efficient  utili- 
zation of  available  waters  in  maintaining  water  quality  within  the 
basin . 


Basin  Operations  Fi an  to  Maintain  Water  Quality 

The  most  upstriam  significant  pollution  source  in  the  basin 
is  the  city  of  Fort  Worth.  Other  major  sources  are  the  Trinity 
River  Authority  plant  and  t Ik  city  of  Dallas  in  that  order. 

There  is  no  w.iter  av.iilable  for  quality  control  in  basin 
reservoirs  upstream  ot  l'\>rt  Worth.  Therefore,  the  first  stage  of 
development  to  iiu'et  water  quality  retju i remen t s is  a pipeline  from 
Tennessee  Colony  Reservoir  to  Bimbrook  Reservoir  by  the  year  1970 
which  will  transport  a yearly  average  of  80  mgd.  This  water  is  to 
be  released  from  Benbrook  Reservoir  to  satisfy  monthly  needs  vary-  ", 

ing  from  136  mgd  in  July  to  29  mgd  in  January  during  the  year  1970. 

Also  to  be  Constructed  by  this  time  is  Aubrey  Reservoir.  Addi- 
tional releases  from  thi.-.  source  amounting  to  an  annual  average  of 
40  mgd  in  1970  are  requiifd  to  abate  tlie  pollution  imposed  by  the 
city  of  Dallas.  This  tirst  stage  development  will  satisfy  water 
quality  needs  in  the  uppi'r  basin  until  the  year  1985. 

Additional  treatment  to  improve  the  oxygen  economy  in  the  ' 

effluents  of  the  Fort  Worth,  Trinity  River  Authority,  and  Dallas 
waste  treatment  plants  will  be  required  by  the  year  1985.  This 
additional  treatment,  coupled  with  80  mgd  of  dilution  water  from 
Tennessee  Colony  Reservoir  will  be  adequate  to  satisfy  water  quality 
needs  in  the  upper  Trinity  River  basin  until  the  year  2020. 
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After  the  year  2020,  the  water  from  Tennes  ee  Colony  Reservoir 
will  be  needed  to  meet  municipal  and  industrial  requirements  in  the 
upper  basin  and  should  revert  to  this  use  completely  by  the  year  2040. 
In  all  probability,  waste  treatment  technology  will  have  advanced 
sufficiently  to  negate  the  need  for  quality  control  water  beyond  the 
year  2020.  The  period  of  20  years  between  2020  and  2040  allows  for 
stage  construction  of  such  facilities.  On  this  premise,  no  needs 
for  quality  control  water  were  projected  beyond  this  year. 

In  the  Houston  area,  continued  disposal  of  wastes  into  the 
Buffalo  Bayou  watershed  and  the  Houston  ship  channel,  even  when 
treated  to  remove  90  percent  of  the  organic  pollutants,  will  require 
average  annual  regulation  flows  approximating  1,200  mgd,  and  a maxi- 
mum monthly  flow  in  excess  of  2,000  mgd  in  the  year  2020.  At  present, 
there  seems  little  likelihood  that  such  flows  could  be  made  available. 

An  alternative  which  would  be  effective  to  the  terminal  year 
of  the  study,  and  probably  beyond,  would  be  the  construction  of  one 
or  a series  of  outfall  lines  to  discharge  treated  wastes  into  the 
Gulf  of  Mexico  at  a suitable  point  offshore.  Further  studies  of  this 
nature  are,  however,  beyond  the  scope  of  this  report. 
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VIII.  PLANS  FOR  SUPPLYING  FUTURE  WATER  REQUIREMENTS 

The  projected  study  area  water  requirements  to  satisfy  munic- 
ipal, industrial,  nonmunicipal,  water  quality  control,  navigation,  i 

and  irrigation  uses  are  5,638  mgd  by  the  year  2020  and  10,179  mgd  by 
the  year  2070.  Similar  requirements  for  the  Trinity  River  basin, 
including  exports,  are  3,433  mgd  and  5,187  mgd  for  the  years  2020 
and  2070,  respectively.  Existing,  under  construction,  authorized, 
and  proposed  reservoirs  in  the  Trinity  River  basin  will  yield  2,297 
mgd,  and  reservoirs  in  the  long-range  plans  of  the  remaining  area 
will  yield  1,461  mgd.  An  additional  supply  of  2,060  mgd  would  be 
required  to  satisfy  study  area  requirements  in  the  year  2020  and, 
similarly,  6,601  mgd  additional  would  be  required  in  the  year  2070. 

An  analysis  of  the  available  ground  water,  return  flow,  and 
brackish  water  indicated  that  the  potential  of  these  resources  may 
be  sufficiently  developed  to  meet  the  additional  needs  in  the  area 
to  the  year  2070.  It  is  reasonable  to  assume  that  ground  water  use 
in  the  study  area  will  expand  beyond  the  present  339  mgd;  that  the 
use  and  reuse  of  return  flows  will  progressively  increase  throughout 
the  projection  period;  and  that  a considerable  amount  of  brackish 
water  will  be  used  for  industrial  cooling  along  the  gulf  coast  as 
the  cost  of  fresh  water  supplies  increases.  Other  than  to  conclu- 
sively establish  the  fact  that  ultimate  water  requirements  will  neces- 
sitate the  maximum  practical  development  of  these  water  resources  in 
the  study  area,  no  definitive  basis  is  available  to  assign  a schedule 
to  their  development.  Generally,  the  development  and  use  of  these 
water  resources  will  progress  in  accord  with  changing  economic  condi- 
tions and  areal  development  of  the  study  area  and  with  distribution, 
availability,  and  quality  of  these  water  resources. 

The  water  requirements  and  resources  are  summarized  in  Table 
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Summary  Water  Balance 
(All  quantities  in  mgd) 
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IX.  BENEFITS  OF  STORAGE 
Evaluation  Method 

The  report  of  the  Sub- Commit tee  on  Evaluation  Standards  of 
the  Federal  Inter-Agency  Committee  on  Water  Resources  makes  the 
following  comment  on  evaluation  of  municipal  and  industrial  water 
supply : 


"From  an  overall  public  viewpoint,  a municipal  and 
industrial  water  supply  development  will  be  economi- 
cally just  fled  if  it  provides  water  to  meet  expected 
needs  at  a cost  not  greater  than  the  cost  of  the  al- 
ternative source  that  would  likely  be  utilized  in  the 
absence  of  the  project." 

The  alternative  cost  method  has  been  used  for  evaluation  of 
all  storage  proposed  in  this  report. 

Costs 


For  purposes  of  comparison  of  alternatives,  capital  costs 
were  converted  to  equivalent  annual  costs  using  an  amortization 
period  of  100  years  and  a non- Fedira 1 interest  rate  of  4 percent. 
The  costs  so  determined  for  the  dati'  of  first  use  of  the  project 
are  discounted  to  their  "present"  value  which  in  this  report  refers 
to  the  year  1970. 

Alteriiative  Plans 

Six  of  the  proposed  reservoirs  in  the  Trinity  River  basin 
are  Federal  projects.  These  are  Uikeview  Reservoir,  Tennessee 
Colony  Reservoir,  Aubrey  Reservoir,  Roanoke  Reservoir,  Wallisville 
Reservoir,  and  the  enlargement  of  L;tvon  Reservoir.  Benefits  at- 
tributable to  the  latter  two  projects  are  covered  in  earlier  Public 
Health  Service  reports  and  are  shown  in  Table  IX- 1 . 

Table  IX- 1 

Benefits  of  Storage  i n Wa llisville 
and  Enlarged  Uivon  Reservoirs 

Pro  jec  t Yie  Id  (mgd)  Annual  Benefits  ($) 

Wallisville  (Water  Supply)  146.0  359,000 

Liivon  Enlargement  (Water  Supply)  42.7*  935,100 

*Yields  shown  are  incre.ises  resulting  I rom  reservoir  enlargement. 
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The  water  supply  plan  reveals  a need  for  all  water  that  can 
be  economically  developed  in  the  Trinity  River  basin.  And  investi- 
gations of  water  supply  sources  in  surrounding  basins  indicate  that 
there  are  no  sources  of  suitable  quality  water  available,  other  than 
those  already  included  in  the  plan.  Therefore,  the  alternatives  to 
Lakeview,  Aubrey,  Roanoke,  and  Tennessee  Colony  Reservoirs  are 
single-purpose  reservoirs  at  the  project  sites. 

A yield-requirement  analysis  determined  a need  for  water 
quality  and/or  v/ater  supply  storage  in  Lakeview,  Tennessee  Colony, 
and  Aubrey  Reservoirs  by  the  year  1970.  In  addition,  the  Corps  of 
Kngineers  has  received  adequate  assurances  from  the  city  of  Grand 
Prairie,  Texas,  and  the  Trinity  River  Authority  committing  the  en- 
tire conservation  yield  of  the  Lakeview  and  Tennessee  Colony  Reser- 
voirs and  other  features  of  the  overall  Trinity  River  basin  develop- 
ment plan  at  the  earliest  possible  date.  Therefore,  no  discounting 
of  the  benefits  calculated  for  these  projects  is  made. 

The  benefit  calculated  for  Roanoke  Reservoir  is  discounted 
since  the  earliest  need  for  storage  at  this  site  is  the  year  2000. 

Benefits  attributable  to  these  projects  are  shown  in  Table 

rx-2. 


Table  IX-2 

Benefits  of  Storage  in  Lakeview,  Aubrey, 
Roanoke,  and  Tennessee  Colony  Reservoirs 


Pro iec  t 

Y'ield  (mgd) 

Annu  il  Benefits 

Lakeview  (Water  Supply  Only) 

28.4  S./ 

907,300 

Aubrey  (Water  Supply  and 

65.3  y 

Quality  Control) 

1,085,200 

Roanoke  (Water  Supply  Only) 

23.9  y 

210,800  y 

Tennessee  Colony  (Water  Supply 
and  Quality  Control) 

290.8 

5,589,600  y 

a/  Yield  does  not  include  2.0  mgd  utilized  by  the  existing  Mountain 
Creek  Reservoir 

b/  Yields  shown  are  increases  in  system  yields  based  on  storage  ex- 
change with  Grap'-vine  and  Garza-Little  Elm  Reservoirs. 

£/  Discounted  JO  years  from  2000  to  1970. 

d/  Includes  84- inch  pipe',  ine  and  pumping  facilities  to  provide  80 
mgd  of  water  for  quality  control  upstream  of  Fort  Worth. 


The  benefits  of  storage  as  shown  above  for  Aubrey  and 
Tennessee  Colony  Reservoirs  must  be  divided  between  municipal  and 
industrial  and  water  quality  control  purposes  in  accordance  with 
the  portion  of  storage  used  for  each  as  outlined  in  the  water  sup- 
ply plan  and  water  quality  control  sections  of  this  report.  Since 
this  varies  with  time,  it  follows  that  the  part  of  the  total  benefit 
attributable  to  each  purpose  also  varies.  Benefits  shown  in  Table 
IX-3  were  calculated  in  this  way  by  decades  until  the  total  benefit 
becomes  attributable  to  storage  for  municipal  and  industrial  water 
supply  purposes. 


Table  IX-3 


Benefits  of  Storage  for  Municipal  and  Industrial 
Water  Supply  and  Water  Quality  Control  Purposes  in 
Tennessee  Colony  and  Aubrey  Reservoirs 

Annual  Benefits  ($) 


Tennessee  Colony  Res.  Aubrey  Res. 

Yield:  290.8  mgd  Yield:  65.3  mgd 


M,  & I. 

Water 

M.  & I. 

Water 

Water 

Quality 

Water 

Quality 

Year 

Supply 

Control 

Supply 

Control 

1970 

1,260,400 

4,329,200 

-0- 

1,085,200 

1980 

1,260,400 

4,329,200 

65,100 

1,020, 100 

1985 

119,400 

965,,  800 

1990 

1,260,400 

4, 329,200 

1,085,200 

-0- 

2000 

1,260,400 

4,329,200 

2010 

1,260,400 

4,329,200 

2020 

1,260,400 

4,329,200 

2030 

3,657,800 

1,931,800 

2040 

5,589,600 

-0- 

